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H`QIG7UﬂP-GdrO J5P^H`M5HL Z[W1P^CIGKFXW1P^Lm5AKF>P^CIF>mfUﬂdXHLemyW1J5AJ5P/Z[W1P^CIGKFXW1P5P^HISTHIP-GNW1m5GKF>S/UﬂdM5H
CHId>J5F{Y8CIF "P^W1J^LhP^W1J^LhLDW1SiSTHLhF>P-GDQIADHLDLDQL¬d3UnS/UﬂP5FXIADH·M5W1P-G­CHIGKGDHTZ[W1P^CIGKFXW1P¸M5Hi^d>GKA7UﬂHTmyW1J5¡#UﬂF>G IGKADH
ADQImfUﬂAKGKFXHNMVF:9QIADHISiSTHIP-GeM^UﬂP^L+J5P^HBCDEfU%gXP^HNM5HzGKA7UﬂP5SiFXLDLKFXW1P;=5HIGKGDHzGKE^LDHBHLKG+J5P^Hzm5ADHISiFXIADHNCW1P-GKAKF>5J5GKFXW1P
¬CH_CW1P^CHIm5GBM5Hc^d>GKA7UﬂH_MVFXLKGKAKF>5J^Q#=
?BF>P^LKF eM^UﬂP^LnJ5P^H¢m5ADHISiFXIADH°mfUﬂAKGKFXHeP^W1J^Lm5ADQLDHIP-GDW1P^LqdXHLnm5AKF>P^CIF>mfUﬂdXHLŁUﬂADCDE5F>GDHCIGKJ5ADHLRM5H°CDEfU%gXP^HL
MO QISiFXLDLKFXW1PqADQCHIm5GKFXW1PŁA7U1MVFXWﬂY[Z\ADQ]-J^HIP^CHLﬀ=yHCIF;myHIAKSTHIG^HIP-GKADH­UﬂJ5GKADHfM5H_LKmyQCIF{fHIAzdXHLzMVF:9QIADHIP-GDHLzZ[W1P^CY
GKFXW1P5PfUﬂd>F>GDQL2M5HdrO QISTHIGKGDHIJ5A2sBt 	IdXH^d>GKA7UﬂHﬀdrO UﬂSim5d>F{fCﬀUﬂGKFXW1PHIGdXHA7U W1P5P^HISTHIP-Gﬀ=1P^LKJ5F>GDHJ5P^H+MVFXLDCIJ^LDLKFXW1P
LKJ5ANdXHLcCW1P-GKA7UﬂF>P-GDHL_d>FXQHL`UﬂJV¦°Uﬂm5m5d>FXCﬀUﬂGKFXW1P^LcShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5LhHIG`¬Td3U/SiF>P5F3UﬂGKJ5AKFXL7UﬂGKFXW1P M5HLNGDHIAKSiF>PfUﬂJV¦
M5HzCW1SiShJ5P5FXCﬀUﬂGKFXW1PnUﬂyW1J5GKF>G UﬂJ/CW1P^CHIm5G M5HzLKGKAKJ^CIGKJ5ADHL ¬NZ[W1P^CIGKFXW1P5PfUﬂd>F>GDQL+ADQImfUﬂAKGKFXHLﬀ=-+O F>P-GDQIA IGM5HGDHId>dXHL
LKGKAKJ^CIGKJ5ADHL HLKG+M5HemyHIAKSTHIGKGKADHzd3UNADQImfUﬂAKGKF>GKFXW1P·MO J5P^HeZ[W1P^CIGKFXW1P5PfUﬂd>F>GDQN¬Nm5d>J^LKFXHIJ5ADL+P5F>¡HﬀUﬂJV¦TLKJ5A+drO QISTHIGKGDHIJ5Aﬀ=
NO HLKGcCHhCW1P^CHIm5G`Uﬂm5m5d>FX]-J^QiUﬂJŁCﬀU1LNMVJR^d>GKA7UﬂH­]-J^H_P^W1J^LcQIGKJ^MVFXW1P^LcM^UﬂP^LNCHIGKGDHhGKE^LDH#= ﬃ2W1J5AcCHId3U fJ5P^H
m5ADHISiFXIADH/QIGKJ^M5H/LKJ5A`d3UADQImfUﬂAKGKF>GKFXW1P©MVJ°^d>GKA7UﬂH·UﬂJLDHIF>PMO J5PQISTHIGKGDHIJ5A­sBtSTW1P^WﬂY8LKG7UﬂP^M^UﬂADMSTHIGhHIP
QI¡FXM5HIP^CH`d3UhmyW#LDLKF>5F>d>F>GDQ`MO U1LDLDWCIFXHIAedrO HIP^LDHISh5dXH_M5HL^d>GKA7UﬂHLBUﬂm5myW1AKGDQLemfUﬂAedXHLzQIdXQISTHIP-GDLBM5HcdrO QISTHIGKGDHIJ5A
sBt¸myW1J5AZ[W1AKSTHIAzJ5P^HcZ[W1P^CIGKFXW1PRM5HN^d>GKA7UﬂHhM5QLKF>ADQH#=
k`UﬂP^LJ5PLDHCW1P^MCDEfUﬂm5F>GKADH1J5P^HM5HLDCIAKF>m5GKFXW1PTM5HL2m5E^QIP^W1STIP^HL+M5H ^d>GKA7UﬂHHIPSiFXCIADWW1P^M5HHLKGM5W1P5P^QH
U%^P©MO U1LDLDWCIFXHIAhdXHL­MVF:9QIADHIP-GDL­G8 myHL­M5HT^d>GKA7UﬂHUﬂJV¦LKGKAKJ^CIGKJ5ADHL­S/UﬂGDQIAKFXHId>dXHLﬀ=?BF>P^LKF ;J5P^H/MVFXLKGKF>P^CIGKFXW1P
HIP-GKADHh^d>GKA7UﬂHhADQCIJ5ADLKF{ZHIGBGKA7UﬂP^LK¡HIADLDHUﬂF>P^LKF2]-J^H_^d>GKA7UﬂHU1CIGKF{ZHIGBmfU1LDLKF{Z+myHIAKSTHIGNM5H­CId3U1LDLDHIANMVF:9QIADHIP-GDHL
LKGKAKJ^CIGKJ5ADHLeLKJ5F>¡#UﬂP-GdXHNG8 myHNM5HB^d>GKA7UﬂHc]-J;O HId>dXHLzUﬂm5myW1AKGDHIP-G 	VU¡HCcmy®1dXHNLDQIdXHCIGKF{Z2W1JqU¡HCc¯ﬀQIADWM5HBGKA7UﬂP^L±Y
SiFXLDLKFXW1P;=1ﬃ2W1J5A_QIGKJ^MVFXHIA_CHL`M5HIJV¦ŁG8 myHLcM5H­^d>GKA7UﬂHM5HLcCW1P^LKFXM5QIA7UﬂGKFXW1P^L_LKJ5AcJ5PŁ^d>GKADHiMO W1ADMVADHn<U¡HC
W1JRL7UﬂP^Le¯ﬀQIADWTM5HcGKA7UﬂP^LKSiFXLDLKFXW1PRLDW1P-GBM5W1P5P^QHLﬀ=^d>dXHLBM5QIyW1J^CDE^HIP-GcLKJ5AeJ5P^H`QIP^QIA7Uﬂd>FXL7UﬂGKFXW1PŁM5HLzCﬀUﬂA7U1CIGDQY
AKFXLKGKFX]-J^HLzM5HLe^d>GKA7UﬂHLBHIPqGDHIAKSTH_M5H`myHIAKGDHL5M5H`fUﬂP^M5H`mfU1LDL7UﬂP-GDHfM5H`LDQIdXHCIGKF>¡F>GDQ_HIGBM5H`ADQKHCIGKFXW1P;= ﬃ2W1J5A
F>d>d>J^LKGKADHIAiCHL­m5AKF>P^CIF>myHL2J5P^HM5HLDCIAKF>m5GKFXW1P M5HL­GDHCDE5P^W1dXW1#FXHLTM5H/^d>GKADHLiU1CIGKJ^HId>dXHISTHIP-GTdXHL­m5d>J^L­J5GKF>d>FXLDQL
²r³?"´ 5?"´ 5kNFXQIdXHCIGKAKFX]-J^H_STW1P^W15dXWC_HIGeGDHCDE5P^W1dXW1#FXHhm5d3U1]-J^QH%µHLKGzM5W1P5P^QH#=
k`UﬂP^LcJ5P°M5HIAKP5FXHIA_CDEfUﬂm5F>GKADHP^W1J^Lcm5ADQLDHIP-GDHIADW1P^L_dXHLcMVF:9QIADHIP-GDHLhLKGKAKJ^CIGKJ5ADHL`]-J^H­P^W1J^L_U¡W1P^L_M5QI¡HY
dXW1m5myQHLcU1LDLDWCIF3UﬂP-GBJ5P^H_Z[W1P^CIGKFXW1PRm5AKF>P^CIF>mfUﬂdXHMO UﬂSim5d>F{fCﬀUﬂGKFXW1P°W1JŁM5H_A7U W1P5P^HISTHIP-G_HIGBJ5P^H_Z[W1P^CIGKFXW1PŁM5H
^d>GKA7UﬂH#=?BF>P^LKF fLDW1P-GBm5ADQLDHIP-GDQL 	^J5PŁMVF>¡FXLDHIJ5ANM5H_m5J5FXLDL7UﬂP^CH_^d>GKA7UﬂP-GNfU1LDQhLKJ5ANM5HLBADQLDW1PfUﬂGDHIJ5ADL`¬iL7UﬂJ5G
MO F>SimyQM^UﬂP^CH;J5P¸UﬂSim5d>F{fCﬀUﬂGDHIJ5AM5Him5J5FXLDL7UﬂP^CH^d>GKA7UﬂP-G­fU1LDQiLKJ5A_J5P^HTLKGKAKJ^CIGKJ5ADHTGKA7UﬂP^LK¡HIADLDHJ5P^H/UﬂPVY
GDHIP5P^He^d>GKA7UﬂP-GDHNM5HzG8 myHemfUﬂGDCDEn¬`L7UﬂJ5GMO F>SimyQM^UﬂP^CHNHIG HIPV^P/J5P^HBQIGKJ^M5HBLKJ5A dXHL+myW#LDLKF>5F>d>F>GDQL M5H^d>GKA7UﬂH
Z\ADQ]-J^HIP-GKFXHId2Uﬂm5myW1AKGDQHLzmfUﬂAzJ5PnADQLDHﬀUﬂJRMO UﬂP-GDHIP5P^HLﬀ=8ﬃ2W1J5ABCDEfU1]-J^H_LKGKAKJ^CIGKJ5ADH^dXHcm5AKF>P^CIF>myH_MO U1LDLDWCIF3UﬂGKFXW1P
F>F>F
^d>GKA7UﬂHY[Z[W1P^CIGKFXW1P m5AKF>P^CIF>mfUﬂdXHiHLKG`M5W1P5P^QyF>dHLKGcLKJ5F>¡FMO J5P^HM5HLDCIAKF>m5GKFXW1P M5Hd3U·CW1P^CHIm5GKFXW1P MO J5P^HGDHId>dXH
LKGKAKJ^CIGKJ5ADHhm5J5FXLcMO J5P¢H¦5HISim5dXH­M5H_ADQﬀUﬂd>FXL7UﬂGKFXW1P¢myHIAKSTHIGKG7UﬂP-G`M5H_¡#Uﬂd>FXM5HIANdXHhm5AKF>P^CIF>myH­HIGcHIPV^P¢MO J5PŁ5F>d3UﬂP
M5HLemyHIA±Z[W1AKS/UﬂP^CHLBM5HLzM5HIJV¦Z[W1P^CIGKFXW1P5PfUﬂd>F>GDQL 	V^d>GKA7UﬂH_HIGNUﬂSim5d>F{fCﬀUﬂGKFXW1PŁW1JnA7U W1P5P^HISTHIP-Gﬀ=
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?z^PŁMO QIGKJ^MVFXHIAcd3U/LKGKAKJ^CIGKJ5ADH­MO J5P¢QISTHIGKGDHIJ5A`sBt^J5P^H_m5ADQLDHIP-G7UﬂGKFXW1P¢Z[W1P^CIGKFXW1P5P^HId>dXHMO J5P¢MVFXLKmyW#LKF>GKF{Z
#dXW1fUﬂdMO QISiFXLDLKFXW1P¢HLKGNM5QCIAKF>GDHM^UﬂP^LNCHIGKGDHhmfUﬂAKGKFXH#=d>dXH­myHIAKSTHIGNM5H­LKmyQCIF{fHIAcM5H`ZrUKJW1P¢M5HLDCHIP^M^UﬂP-GDH­dXH
AD®1dXH/M5H·CDEfU1]-J^HTZ[W1P^CIGKFXW1P2HIP¸M5QCIAKF>¡#UﬂP-GdXHL­HIP-GKADQHL"dXHL­LDW1AKGKFXHL­HIGhd3UnGKA7UﬂP^L±Z[W1AKS/UﬂGKFXW1P Uﬂm5myW1AKGDQH/mfUﬂA
d3UqZ[W1P^CIGKFXW1P;= HIGKGDHnM5HLDCIAKF>m5GKFXW1P©Z[W1P^CIGKFXW1P5P^HId>dXHmyHIAKSTHIGTM5H·m5ADQCIFXLDHIATHIP©mfUﬂAKGKFXCIJ5d>FXHIATdXHLiLKmyQCIF{fCﬀUﬂGKFXW1P^L
MVJ 5dXWCR¹IQISTHIGKGDHIJ5A­sBte¹QIGKJ^MVFXQTmfUﬂA_d3UnLKJ5F>GDH#=BP^HTM5HLDCIAKF>m5GKFXW1P¸M5Hid3UnLKGKAKJ^CIGKJ5ADHTMO J5P¸QISTHIGKGDHIJ5A­sBt
myHIAKSTHIG­HIP^LKJ5F>GDH·M5HTADHId>FXHIA­CDEfU1]-J^HTZ[W1P^CIGKFXW1P5PfUﬂd>F>GDQM5HTdrO QISTHIGKGDHIJ5AiUﬂJV¦CW1SimyW#L7UﬂP-GDLsBt¶U1CIGKJ^HId>dXHISTHIP-G
J5GKF>d>FXLDQLﬀ=5PV^Pf]-J^HIdX]-J^HLem5ADW1myW#LKF>GKFXW1P^LBM5H`LKGKAKJ^CIGKJ5ADHLN¬hZ[W1P^CIGKFXW1P5PfUﬂd>F>GDQhADQImfUﬂAKGKFXH_LDW1P-Gzm5ADQLDHIP-GDQHLﬀ=
LﬂMNLﬂMNL OQPSR;P>TVUﬂWNXZY[PS\]\K^;T_^`R;abFc;U'deR;agf!hiPSjkXN\K\KX6lmR
BPnLK VLKGDISTHNMO QISiFXLDLKFXW1PqCId3U1LDLKFX]-J^HcHIPGDQIdXQCW1SiShJ5P5FXCﬀUﬂGKFXW1P^LNLDHNm5ADQLDHIP-GDH`LDW1J^Ld3U_Z[W1AKSTHcMVJnLDCDE^QIS/U
5dXWCNLK VLKGDISTHNM5HNd3U_^#J5ADH<#=><#=V;HLF>PVZ[W1AKS/UﬂGKFXW1P^LB¬_GKA7UﬂP^LKSTHIGKGKADH`LDW1P-GeM5HLM5W1P5P^QHLP-J5STQIAKFX]-J^HLzHIGdXHL
LKF>#PfUﬂJV¦ŁHIP-¡Wﬀ QL`LDW1P-G`M5HLNW1P^M5HL`QIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^HLﬀ="UiZ[W1P^CIGKFXW1P°MVJ¢LK VLKGDISTHhM5HhGDQIdXQCW1SiShJ5P5FXCﬀU%Y
GKFXW1P^Lzt£iHLKGzM5H`CW1P-¡HIAKGKF>AcCHLzM5W1P5P^QHLzP-J5STQIAKFX]-J^HLBHIPRW1P^M5HLzQIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^HLﬀ=
Trai tement
en
bande de base 
Transposi tion
Bande de base
HF
Trai tement
en HF 
F1 F2 F3
F0
Ondes
électro−
magnétiques
rayonnées
A/D
Microphone
Clavier
Données
numériques
nporq 
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S/UﬂP5FXIADHŁLDCDE^QIS/UﬂGKFX]-J^HM5Hqd3U°CW1P-¡HIADLKFXW1P¶UﬂPfUﬂdXW1#FX]-J^HYrP-J5STQIAKFX]-J^H¢MVJLKF>#PfUﬂdBFXLDLKJmfUﬂA·H¦5HISim5dXH MVJ
SiFXCIADW1m5E^W1P^HhW1JRLDW1P-GBMVF>ADHCIGDHISTHIP-GBm5ADWMVJ5F>GDHLzP-J5STQIAKFX]-J^HISTHIP-Gﬀ=
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;HLzW1P^M5HLeQIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^HLNM5W1F>¡HIP-GzADQImyW1P^MVADH_¬CHIAKG7UﬂF>P^LzCIAKF>GDIADHLemyW1J5ABU1LDLKJ5ADHIAJ5P^H`CW1SiShJ5P5FXCﬀU%Y
GKFXW1P W1m5GKF>S/UﬂdXH#=;;HLcP^W1AKSTHLc5¦5QHLcmfUﬂA_MVF:9QIADHIP-GDL_W1AK-UﬂP5FXLKSTHL`GDHIddrO  B³ ²\J5ADW1myHﬀUﬂP "HIdXHCW1SiShJ5P5F{Y
CﬀUﬂGKFXW1P^Lz³-G7UﬂP^M^UﬂADM 8P^LKGKF>GKJ5GDH%µ+M5W1P5P^HIP-GdXHLCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLmyW1J5ACDEfU1]-J^HNLKG7UﬂP^M^UﬂADM¢²ra_³x  NxB³=>=>= µ=
d>dXHLcLKmyQCIF{fHIP-GHIP-GKADHUﬂJ5GKADHLfdXHLzfUﬂP^M5HLcM5H`Z\ADQ]-J^HIP^CHUﬂd>dXW1J^QHLfdXHLzm5J5FXLDL7UﬂP^CHL`UﬂJ5GDW1AKFXLDQHLNM^UﬂP^LNHIG
HIPRM5HIE^W1ADLzM5HLzfUﬂP^M5HLzM5HcZ\ADQ]-J^HIP^CH#=>=>=
ﬁ"!#%$&ﬁ
;HBMVFXLKmyW#LKF>GKF{ZMO QISiFXLDLKFXW1P·M5W1F>G+GKA7UﬂP^L±Z[W1AKSTHIA J5P/LKF>#PfUﬂdfP-J5STQIAKFX]-J^Hz5AKJ5GHIPTfUﬂP^M5HBM5HefU1LDHzHIPTJ5P^HBW1P^M5H
QIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^HBsBtRGDHId>dXHe]-J^Hd3UNCW1SiShJ5P5FXCﬀUﬂGKFXW1PLDW1F>G+W1m5GKF>SiFXLDQHmfUﬂAA7Uﬂm5myW1AKG ¬NdrO J5GKF>d>FXL7UﬂGDHIJ5A HIG+LDW1P
HIP-¡F>ADW1P5P^HISTHIP-Gﬀ=2HIGKGDH_Z[W1P^CIGKFXW1P¢t£TmyHIJ5G IGKADH­MVF>¡FXLDQH­HIPŁGKADW1FXLzZ[W1P^CIGKFXW1P^L 	fd3UiZ[W1P^CIGKFXW1P¢t<_GKA7UﬂF>GDH­dXHL
LKF>#PfUﬂJV¦qHIPqfUﬂP^M5H_M5H`fU1LDH5d3UhZ[W1P^CIGKFXW1PŁtj­ADQﬀUﬂd>FXLDH`d3UGKA7UﬂP^LKmyW#LKF>GKFXW1PqfUﬂP^M5HhM5H`fU1LDH%A7U1MVFXWﬂY[Z\ADQ]-J^HIP^CH
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dXW1#FX]-J^HL_M5HCDEfU1]-J^HTLKGKAKJ^CIGKJ5ADH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yd3U
LDW1d>J5GKFXW1PqmyHIAKSTHIGKG7UﬂP-GBd3Um5d>J^Le#A7UﬂP^M5H_LDW1J5m5dXHLDLDH5P^W1G7UﬂSiSTHIP-GBmyW1J5Azd3U­ADHCW1PV^#J5A7UﬂGKFXW1P¢M5H`drO QISTHIGKGDHIJ5A
HLKG­M5HTADQﬀUﬂd>FXLDHIA­drO HIP^LDHISh5dXHM5HL_Z[W1P^CIGKFXW1P^L­P-J5STQIAKFX]-J^HISTHIP-Gﬀ= HImyHIP^M^UﬂP-G2myW1J5AhdXHTGKA7UﬂF>GDHISTHIP-GTM5HL­LKF{Y
#PfUﬂJV¦ sBtyF>d HLKG`P^QCHLDL7UﬂF>ADH/M5HiGKA7U¡#UﬂF>d>dXHIA¬M5HL`Z\ADQ]-J^HIP^CHLhMO QCDEfUﬂP-GKF>d>dXW1P5PfUﬂHLKJ5myQIAKFXHIJ5ADHL­¬nCHIGKGDH
Z\ADQ]-J^HIP^CH­sBt= ﬃ2W1J5AcJ5P^HhJ5GKF>d>FXL7UﬂGKFXW1P¢HIPRfUﬂP^M5H­ ²±<­¬/ja3B¯ﬂµmfUﬂANH¦5HISim5dXHfd3UiZ\ADQ]-J^HIP^CHhM5HhdrO E^W1A±Y
dXW1HCﬀU1M5HIP>JﬀUﬂP-GidXH·k_³%ﬃ²\kNF>#F>G7UﬂdB³-F>#PfUﬂd ﬃADWCHLDLDW1Aµ_HIG­dXHLCW1P-¡HIAKGKFXLDLDHIJ5ADLiM5W1F>G
IGKADH·M5HnpŁ¬Ra3B¯=
³HIJ5dXLzM5HLzCW1SimyW#L7UﬂP-GDLzJ5GKF>d>FXL7UﬂP-GNM5HLeGDHCDE5P^W1dXW1#FXHLNCW5GDHIJ^LDHLzHIPŁ³-F&acH`myW1J5AKA7UﬂFXHIP-GNUﬂGKGDHIF>P^MVADHhM5HcGDHId>dXHL
myHIA±Z[W1AKS/UﬂP^CHL2CH/]-J5F HLKGhADQMVE5F>5F>GDW1F>ADH·myW1J5A_J5PS/UﬂADCDE^QM5HL_GDQIdXQCW1SiShJ5P5FXCﬀUﬂGKFXW1P^LTW1AKFXHIP-GDQ·¡HIADL­M5HL
CW5GDLNM5Hhm5ADWMVJ^CIGKFXW1PRZrUﬂF>5dXHLﬀ=f;HLNLKGKAKJ^CIGKJ5ADHLcM5H_G8 myH³WﬂZ\GﬃﬂUﬂADHsNU1MVFXW/LDW1P-GcM5W1P^C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yF>PVY
J5GKF>d>FXL7Uﬂ5dXHLﬀ=V"U­LDW1d>J5GKFXW1PF>P-GDHIAKSTQMVF3UﬂF>ADH_MVJq³WﬂZ\GﬃﬂUﬂADH_kcH^P^HMsNU1MVFXWCW1P^LKFXLKG7UﬂP-GB¬_ADQﬀUﬂd>FXLDHIAJ5P^HNmfUﬂAKGKFXH
M5H`d3UhZ[W1P^CIGKFXW1PRtjP-J5STQIAKFX]-J^HISTHIP-GHLKGeSiFXHIJV¦RU1M^Uﬂm5GDQH`myW1J5AzADQﬀUﬂd>FXLDHIAzJ5PqQISTHIGKGDHIJ5ABADHCW1PV^#J5A7Uﬂ5dXH#=
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Données
numériques
DSP
A/D
A/D
I
Q
0
90
vers le récepteur
Ondes
électro−
magnétiques
rayonnées
F1 F2 F3
IF RF
nporq 
<#= jSTHIGKGDHIJ5ABE^QIGDQIADWMV P^H
Données
numériques
DSP
A/D
A/D
I
Q
0
90
vers le récepteur
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électro−
magnétiques
rayonnées
F1 F2 F3
RF
nporq 
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HIADLKFXW1PŁMVF>ADHCIGDH
Données
numériques
A/D
I
Q
0
90
vers le récepteur
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nporq 
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A/D
I
Q
0
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vers le récepteur
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magnétiques
rayonnées
F1 F2 F3
DSP
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ﬁ"!#%$&ﬁ
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^dXH_CWM^UﬂH_M5H_CﬀUﬂPfUﬂd"F>P-GKADWMVJ5F>GcM5HLzADHM5W1P^M^UﬂP^CHLcU%^P
M5H/CW1AKAKF>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HIP-GKJ^HId>dXHLiHIAKADHIJ5ADLM5HTGKA7UﬂP^LKSiFXLDLKFXW1P;=2PV^P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CW1P-GDHIPfUﬂP-G­drO F>PVZ[W1AKS/UﬂGKFXW1PCWM5QmfUﬂA BHIG­º­=2HiLKF>#PfUﬂd+HLKG_CW1P^LKGKF>GKJ^QiMVJ LKF>#PfUﬂd+J5GKF>dXHiHIG_M5HmfUﬂA7U1LKF>GDHL
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HIADLcd3U/A7U1MVFXWﬂY[Z\ADQ]-J^HIP^CHdXHL`LKF>#PfUﬂJV¦ zHIGhº­=
ﬃ2W1J5ACHId3U ﬂJ5PW1J­m5d>J^LKFXHIJ5ADLQIG7UﬂH²\Lµ;M5HGKA7UﬂP^LKmyW#LKF>GKFXW1PHIPhZ\ADQ]-J^HIP^CHLDW1P-G2J5GKF>d>FXLDQLﬀ=ﬂk`UﬂP^L2dXHCﬀU1LM5HM5HIJV¦
GKA7UﬂP^LKmyW#LKF>GKFXW1P^Ld3UTZ\ADQ]-J^HIP^CHF>P-GDHIAKSTQMVF3UﬂF>ADHTHLKGcP^W1GDQHth²\t5ADQ]-J^HIP^CH 8P-GDHIAKSTQMVF3UﬂF>ADH%µ=;"UTZ\ADQ]-J^HIP^CH
MVJ M5HIAKP5FXHIA_QIG7UﬂHiM5H­STQId3UﬂP5HTHLKGcP^W1GDQHN²NLDCIF>d>d3UﬂGDHIJ5A_;WCﬀUﬂd&µ=;HSTWMVJ5d3UﬂGDHIJ5A Kº HLKG`CW1P^LKGKF>GKJ^Q
M5H­M5HIJV¦ŁSTQId3UﬂP5HIJ5ADLJ5P¢myW1J5AcCDEfU1]-J^H­¡W1FXHUﬂGKG7U1]-J^QLNmfUﬂAcdXHLcLKF>#PfUﬂJV¦zHIG_ºHIGcmfUﬂAcM5HIJV¦ŁLKF>#PfUﬂJV¦
M5QIm5EfU1LDQLNM5H 	V=HCIF"myHIAKSTHIGcMO W15GDHIP5F>ANJ5P¢LKF>#PfUﬂd"J5P5FX]-J^H­¬id3UiZ\ADQ]-J^HIP^CHhM5H_STQId3UﬂP5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HIADLKFXW1P¢MVF>ADHCIGDH­W1J¢¬­Z\ADQ]-J^HIP^CH_F>P-GDHIAKSTQMVF3UﬂF>ADH­P-J5d>dXHfd3UiSTWMVJ5d3UﬂGKFXW1PKº
LDH­ZrUﬂF>G­¬d3U·Z\ADQ]-J^HIP^CH N+=;;HTLKF>#PfUﬂd STWMVJ5dXQiP^HiP^QCHLDLKF>GDH/UﬂJ^CIJ5P ^d>GKA7UﬂH#=2ﬃUﬂAhCW1P-GKADH2M^UﬂP^LhCHIGKGDH
CW1PV^#J5A7UﬂGKFXW1PdrO HIP^LDHISh5dXHnM5H/d3URCDEfU%gXP^HMO QISiFXLDLKFXW1P©GKA7U¡#UﬂF>d>dXHn¬qd3UqS ISTHTZ\ADQ]-J^HIP^CHHIG­drO W#LDCIF>d>d3UﬂGDHIJ5A
dXWCﬀUﬂd^HLKGmyHIAKGKJ5AKyQemfUﬂAdXHL LKF>#PfUﬂJV¦iM5Hm5J5FXLDL7UﬂP^CHeGKA7UﬂP^LKF>G7UﬂP-GM^UﬂP^Ld3U`CDEfU%gXP^Hem5AKF>P^CIF>mfUﬂdXH-HIPTmfUﬂAKGKFXCIJ5d>FXHIA
UﬂJP5F>¡HﬀUﬂJ©M5HTdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5AiM5H/m5J5FXLDL7UﬂP^CH#="kcHTm5d>J^L"LKF drO W1P¸M5QLKF>ADH/ADHCW1PV^#J5ADHIA­drO QISTHIGKGDHIJ5AM^UﬂP^L
drO E- myW1GKE^LDHnMO J5P¸Z[W1P^CIGKFXW1P5P^HISTHIP-G/ShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM dXHM5QIm5EfU1LDHIJ5A  	¢M5W1F>GmyW1J5¡W1F>AZ[W1P^CIGKFXW1P5P^HIA/¬
m5d>J^LKFXHIJ5ADL`Z\ADQ]-J^HIP^CHLﬀ="UnCW1Sim5dXH¦VF>GDQ/M5HTCW1P^CHIm5GKFXW1P¸MO J5P GDHId M5QIm5EfU1LDHIJ5AhHLKG`GDHId>dXHT]-J^HidrO W1P m5ADQZ[IADH
J5GKF>d>FXLDHIABM5HLzLKGKAKJ^CIGKJ5ADHLN¬­ShJ5d>GKF>m5dXHLBGKA7UﬂP^LKmyW#LKF>GKFXW1P^LBHIPZ\ADQ]-J^HIP^CH#=
PnH 9HIGmyW1J5AdrO QISTHIGKGDHIJ5AzE^QIGDQIADWMV P^HdXHNSTWMVJ5d3UﬂGDHIJ5A Kº¶STQId3UﬂP5HNGDW1J KW1J5ADLz¬hJ5P^HBZ\ADQ]-J^HIP^CHct
5¦5HfCHh]-J5F2LKF>Sim5d>F{fH_d3UTCW1P^CHIm5GKFXW1P°MVJŁM5QIm5EfU1LDHIJ5Aﬀ="UiADHCW1PV^#J5A7Uﬂ5F>d>F>GDQiHLKGNU1LDLKJ5ADQH_mfUﬂANdXHhCDEfUﬂP5HY
STHIP-GcM5Hhd3UiZ\ADQ]-J^HIP^CH N+=kcHhm5d>J^L^dXHLcMVF:9QIADHIP-GDLcW#LDCIF>d>d3UﬂGDHIJ5ADLcteHIG N¸P^H_Z[W1P^CIGKFXW1P5P^HIP-Gcm5d>J^L`¬id3U
S ISTHzZ\ADQ]-J^HIP^CHB]-J^HzdXHzADHLKGDHBM5Hzd3U_CDEfU%gXP^HCHN]-J5F^d>F>SiF>GDHBdXHL myHIAKGKJ5AKfUﬂGKFXW1P^Lﬀ=5HImyHIP^M^UﬂP-GdXHBLKF>#PfUﬂdHIP
LDW1AKGKFXH_HLKGeFXLDLKJqMVJqSTQId3UﬂP5HhMVJRLKF>#PfUﬂd"tU¡HC_drO W#LDCIF>d>d3UﬂGDHIJ5ABdXWCﬀUﬂd N+= 8d;HLKGNUﬂdXW1ADLBCW1P^LKGKF>GKJ^Q_M5H_M5HIJV¦
CW1SimyW#L7UﬂP-GDHLﬂJ5P^HLKF>GKJ^QHUﬂJ5GDW1J5A+M5H
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= BP^HM5HLCW1SimyW#L7UﬂP-GDHL
M5W1F>GzM5W1P^C IGKADHN^d>GKADQH#= ﬃ2W1J5AB]-J^HcdXHLzM5HIJV¦nCW1SimyW#L7UﬂP-GDHLzLDW1FXHIP-GeZ\ADQ]-J^HIP-GKFXHId>dXHISTHIP-GcQIdXW1F>#P^QHLedrO J5P^H_M5H
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Mise en forme
du signal
Conversion
en signal
rayonné 
F31 F32
F3 : Traitement en HF
Ondes
électro−
magnétiques
rayonnées
Signal
analogique
RF modulé 
nporq 
<#=  ·kcHLDCIAKF>m5GKFXW1PqZ[W1P^CIGKFXW1P5P^HId>dXHhM5HcdrO QISTHIGKGDHIJ5ANsBt
fLO 2fLO 3fLO0
Spectre
f   fIF 3f IF
fLO−f IF fRF=fLO+fIF
fLO−3f IF fLO+3f IF
2fLO−f IF 2fLO+f IF
2fLO−3f IF 2fLO+3f IF 3fLO−f IF
2fRFfRF
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0
Spectre
f  2fRFfRF=fLO
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§xRJ5d>GKF{Y8LKG7UﬂP^M^UﬂADMnADHCW1PV^#J5A7Uﬂ5dXH 	5drO UﬂADCDE5F>GDHCIGKJ5ADHhP^HcGKA7UﬂF>GDH_]-J;O J5PRLDHIJ5d"LKG7UﬂP^M^UﬂADMR¬­d3U­Z[W1FXLﬀ=ﬃ2W1J5A
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HIPfUﬂP-G`M^UﬂP^LBd3UTCDEfU%gXP^H­sBt M5W1F>¡HIP-G
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HIP-G IGKADH/CW1Sh5F>P^QLq²\CW1SiSTH/LKJ5Ahd3U
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de
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HYrfUﬂP^M5H`HIGdXHNCW1SimyW1AKGDHISTHIP-G
ShJ5d>GKF{YrfUﬂP^M5H#=k`UﬂP^LedXHcm5ADHISiFXHIABCﬀU1L5dXH`CW1SimyW#L7UﬂP-GBHLKGzW1m5GKF>SiFXLDQ`myW1J5AeZ[W1P^CIGKFXW1P5P^HIABLKJ5AeJ5P^H`fUﬂP^M5H_M5H
Z\ADQ]-J^HIP^CHzHIP5#dXW1fUﬂP-GdXHL MVF:9QIADHIP-GDLLKG7UﬂP^M^UﬂADM5Lﬀ=VHeG8 myHzM5HeZ[W1P^CIGKFXW1P5P^HISTHIP-GP;O Uﬂm5myW1AKGDHNUﬂJ^CIJ5PT^d>GKA7UﬂH
HIP-GKADHNdXHLfUﬂP^M5HLM5HzZ\ADQ]-J^HIP^CH#=V?BJ·CW1P-GKA7UﬂF>ADHVJ5PnCW1SimyW#L7UﬂP-GShJ5d>GKF{YrfUﬂP^M5H_Uﬂm5myW1AKGDHNJ5P^HcUﬂGKGDQIP-JfUﬂGKFXW1P
HIP-GKADH`dXHLefUﬂP^M5HLBM5HcZ\ADQ]-J^HIP^CH#=
0 f1 f
S21(f)
T1
f2
T2
B1 B2
0 f1 f
S21(f)
T1
f2
T2
B1 B2
Multi−standard large−bande Multi−standard multi−bande
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ﬂF>dHLKG"myW#LDLKF>5dXH MO J5GKF>d>FXLDHIAM5HL2CW1SimyW#L7UﬂP-GDL2ADHY
CW1PV^#J5A7Uﬂ5dXHLS/UﬂFXLUﬂJ^LDLKFVM5HL2CW1SimyW#L7UﬂP-GDLF>P-GKAKF>P^LD]-J^HISTHIP-GShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5LCW1SiSTH myW1J5A2drO H¦5HISim5dXH
M5Hd3Uz^#J5ADH`<#=><%»=;H5J5G+M5HeCHIGKGDHzUﬂADCDE5F>GDHCIGKJ5ADHBHLKGM5Hd>F>SiF>GDHIAdXHP^W1Sh5ADHeGDW1G7Uﬂd^M5HeCW1SimyW#L7UﬂP-GDL U%^PTM5H
CW1P^LDHIAK¡HIA_J5P^HG7UﬂF>d>dXHADQMVJ5F>GDH#="kcH­mfUﬂA_dXHIJ5A_CW1P^CHIm5GKFXW1P"CHIAKG7UﬂF>P^L_CW1SimyW#L7UﬂP-GDL_myHIJ5¡HIP-GhMVF 
/CIF>dXHISTHIP-G
IGKADHF>P-GKAKF>P^LD]-J^HISTHIP-G/ShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5L ¬ŁSTW1F>P^LiM5HnM5QI#A7U1M5HIAiP^HIGKGDHISTHIP-G/dXHIJ5ADLmyHIA±Z[W1AKS/UﬂP^CHLﬀ=?BJ
d>FXHIJ°M5HADQﬀUﬂd>FXLDHIAcd3U/Z[W1P^CIGKFXW1P°HIP°J5GKF>d>FXL7UﬂP-G`m5d>J^LKFXHIJ5ADL_CW1SimyW#L7UﬂP-GDLCHIAKG7UﬂF>P^HLcGDHCDE5P^W1dXW1#FXHL_myHIAKSTHIGKGDHIP-G
MO HIP-¡FXL7UﬂHIAzd3UiCW1P^CHIm5GKFXW1PŁM5H`CW1SimyW#L7UﬂP-GDLBADHCW1PV^#J5A7Uﬂ5dXHLﬀ=
?Bm5ADLcCHIGKGDH­5ADI¡H­F>P-GKADWMVJ^CIGKFXW1P°m5ADQLDHIP-G7UﬂP-G_dXHLNm5AKF>P^CIF>mfUﬂdXHL_UﬂADCDE5F>GDHCIGKJ5ADHLhM5H­LK VLKGDISTHLNJ5GKF>d>FXLDQHL
HIGedXH`CW1P^CHIm5GzQIP^QIA7Uﬂd"M5HcADHCW1PV^#J5A7Uﬂ5F>d>F>GDQ^P^W1J^LBUﬂd>dXW1P^LeP^W1J^LeF>P-GDQIADHLDLDHIAzm5d>J^LemfUﬂAKGKFXCIJ5d>FXIADHISTHIP-GcM^UﬂP^L
d3U­mfUﬂAKGKFXHhLKJ5F>¡#UﬂP-GDHh¬­d3UhZ[W1P^CIGKFXW1Pn^d>GKA7UﬂHhMO J5PRQISTHIGKGDHIJ5AzA7U1MVFXWﬂY[Z\ADQ]-J^HIP^CH#=
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HIGKGDH/mfUﬂAKGKFXHTm5ADQLDHIP-GDH/J5P^HTm5ADHISiFXIADHQIGKJ^M5H/LKJ5AhdXHL­U1LKmyHCIGDLhM5Hi^d>GKA7UﬂH·M^UﬂP^LhJ5P¸QISTHIGKGDHIJ5AsBt=
k`UﬂP^LNJ5PŁm5ADHISiFXHIAcGDHISim^LfJ5P^HUﬂPfUﬂd> VLDHhmyW1J5ANM5HLBZ\ADQ]-J^HIP^CHLNm5ADWCDE^HLcM5Hhd3UTfUﬂP^M5HhJ5GKF>dXHHLKGNM5W1P5P^QH#=
ﬃ2W1J5ACHId3U J5PTSTWM5IdXHemfUﬂA7UﬂSTQIGKADQNM5HL+MVF:9QIADHIP-GDLCW1SimyW#L7UﬂP-GDLM5HedrO QISTHIGKGDHIJ5AHLKG M5QI¡HIdXW1m5myQ#= 8d5myHIAKSTHIG
UﬂdXW1ADL MO W1^LDHIAK¡HIA+drO F>P^J^HIP^CHBM5HL CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HL M5HL CW1SimyW#L7UﬂP-GDL LKJ5AdXHzLKmyHCIGKADHeMVJ/LKF>#PfUﬂd^m5ADWCDE^HzM5H
d3UcfUﬂP^M5H#=-k`UﬂP^L+J5P/LDHCW1P^MTGDHISim^L#dXHzCﬀU1L M5HL+ADHISTW1P-GDQHLmfUﬂA7U1LKF>GDHL QIdXW1F>#P^QHLM5Hed3UcfUﬂP^M5HBHLKG MVFXLDCIJ5GDQ#=
LﬂM MNL 	 lmR`\ Y[TF^`b	YVX6lmR%f!h ^`R j l/f
SW6a  lm^;TQWBhiPSj a YKY[aS^;Tﬁj lmR;l  \ Y[UﬂR`f;U'TFf
"U LKGKAKJ^CIGKJ5ADH¸MO J5PQISTHIGKGDHIJ5A°sBtHLKGŁM5W1P5P^QH ^#J5ADH<#=><ﬀV=` EfU1]-J^HCW1SimyW#L7UﬂP-G¢QIG7UﬂP-G¢STW1P^WﬂY
LKG7UﬂP^M^UﬂADM +F>dBHLKGTmyW#LDLKF>5dXHqMO U¡W1F>A·dXHqCW1SimyW1AKGDHISTHIP-GnM5HqCDEfU1CIJ5P§MO HIJV¦ UﬂJ5GDW1J5A·M5Hnd3U¢Z\ADQ]-J^HIP^CHqM5H
Z[W1P^CIGKFXW1P5P^HISTHIP-G
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HLKGCW1Sim5AKFXLiM^UﬂP^L
J5P^HTfUﬂP^M5H· UﬂJ5GDW1J5A­M5H/CHIGKGDHTZ\ADQ]-J^HIP^CH
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=""UnSTWM5QId>FXL7UﬂGKFXW1P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2HLKGhF>d>d>J^LKGKADQH
mfUﬂAzdrO H¦5HISim5dXH_M5H`drO NxB³=
Duplexeur AntenneAmpl i f icateur
de puissance
Fi l tre Passe−
bande RF
Source
RF
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"UBLDW1J5ADCH sBtqHLKG2CW1P^LKGKF>GKJ^QHMO J5PhQIP^QIA7UﬂGDHIJ5Am^LDHIJ^M5WﬂY UﬂdXQﬀUﬂGDW1F>ADH#M5HL"CWM^UﬂHLHIPhfUﬂP^M5HM5H+fU1LDH HIG
MVJqSTWMVJ5d3UﬂGDHIJ5ANsBt¸CW1AKADHLKmyW1P^M^UﬂP-G`UﬂJqLKG7UﬂP^M^UﬂADMRQIGKJ^MVFXQ#=^d>dXH`m5ADHIP^MRM5W1P^C_HIPRCW1Sim5GDH`dXHLzQI¡W1d>J5GKFXW1P^L
LKG7UﬂGKFXLKGKFX]-J^HL/MVJLKF>#PfUﬂdBHIP m5J5FXLDL7UﬂP^CHRHIGTdXHL/H 9HIGDL/M5HL/P^W1PVYrd>F>P^QﬀUﬂAKF>GDQLM5HLTSTQId3UﬂP5HIJ5ADLﬀ=;HqLKmyHCIGKADH
m5ADWCDE^HTM5Hid3U·fUﬂP^M5HTMO J5PLKF>#PfUﬂd+FXLDLKJ°MO J5P^H/LDW1J5ADCH
NxB³ŁHLKG_M5W1P5P^QTLKJ5A_d3U/^#J5ADHq<#= j#£V=;;HTCﬀUﬂPfUﬂd
J5GKF>d>FXLDQiHLKG`dXHiCﬀUﬂPfUﬂd#V<ﬀj LDW1F>G`J5P^H­Z\ADQ]-J^HIP^CHTCHIP-GKA7UﬂdXHTM5Hn<ﬀ#j#j  wRx3B¯R²\CZ?BP5P^H¦5Hi?`µ="U·d3UﬂAKHIJ5A
M5H`CﬀUﬂPfUﬂd ^CW1AKADHLKmyW1P^M^UﬂP-GN¬ M5Hcd3U­m5J5FXLDL7UﬂP^CH`MVJqLKF>#PfUﬂd 5HLKGzM5HcdrO W1ADMVADH_M5H_}x3B¯= BPqADHIS/UﬂAD]-J^H
dXHLem5ADWMVJ5F>GDLzMO F>P-GDHIAKSTWMVJ5d3UﬂGKFXW1P¢MVJ^LzUﬂJV¦P^W1PVYrd>F>P^QﬀUﬂAKF>GDQLNM5HLSTQId3UﬂP5HIJ5ADLﬀ=f;HL`<ﬀjiCﬀUﬂPfUﬂJV¦nMO QISiFXLDLKFXW1P
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M5HISiSTHIP-G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^d>GKADH¬qJ5P¸ADQLDW1PfUﬂGDHIJ5ALKF>Sim5dXHM5W1P-G­d3URLKGKAKJ^CIGKJ5ADHHIGhd3UqADQImyW1P^LDHTZ\ADQ]-J^HIP-GKFXHId>dXHLDW1P-GM5W1P5P^QHLiLKJ5Ahd3U
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 #}Ra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dXHT^d>GKADHHIP LDW1AKGKFXH·M5H·drO UﬂSim5d>F{fCﬀUﬂGDHIJ5A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3B¯ﬂµ=
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?drO UﬂFXM5HhMVJRdXW1#FXCIFXHId?Nk_³ 5dXHLBLKF>ShJ5d3UﬂGKFXW1P^LcM5H_d3UiLKGKAKJ^CIGKJ5ADH­LKF>Sim5d>F{fQHhMO QISTHIGKGDHIJ5AcsBt U¡HC_^d>GKADH
LKF>Sim5dXH¢HIG^d>GKADH°¬ ³  sLDW1P-GnH 9HCIGKJ^QHLﬀ=e;H°LKmyHCIGKADH¢HIP LDW1AKGKFXH¢M5H¢drO QISTHIGKGDHIJ5AqHLKGnM5W1P5P^Q¢myW1J5AdXHL
M5HIJV¦°CW1PV^#J5A7UﬂGKFXW1P^LhLKJ5A`d3U/^#J5ADHq<#= p#jV= BP°ADHIS/UﬂAD]-J^HT]-J^HiM^UﬂP^L`d3U·fUﬂP^M5HJ5GKF>dXHdXHL_M5HIJV¦¢LKmyHCIGKADHL
LDW1P-G`CW1PVZ[W1P^MVJ^LyCH]-J5F2STW1P-GKADHi]-J^HhdXHLN^d>GKADHL`W1P-Gc5FXHIP¢dXH­S ISTHCW1SimyW1AKGDHISTHIP-GhM^UﬂP^LNd3U/fUﬂP^M5HHIG
P^HiM5QZ[W1AKSTHIP-GhmfU1L`dXHiLKF>#PfUﬂdJ5GKF>dXH#=ﬃUﬂA­CW1P-GKADH"UﬂJ°P5F>¡HﬀUﬂJ¸M5HLNZ\ADQ]-J^HIP^CHL_EfUﬂAKSTW1P5FX]-J^HL·²[UﬂJ5GDW1J5AhM5H
< #j­¦qp }  »1/a3B¯HIG< #j­¦q} «  /a3B¯%µﬀ2J5P^H·MVF:9QIADHIP^CHnM5H/P5F>¡HﬀUﬂJ Uﬂm5mfUﬂA7U%gXGTHIP-GKADH·dXHLM5HIJV¦
LKmyHCIGKADHLﬀ=
k`UﬂP^L;dXH CﬀU1L"M5Hd3UzLKGKAKJ^CIGKJ5ADHU¡HC+dXH^d>GKADH¬ADQLDW1PfUﬂGDHIJ5ALKF>Sim5dXHdrO UﬂGKGDQIP-JfUﬂGKFXW1PTUﬂm5myW1AKGDQH¬B}  »1/a3B¯
mfUﬂA_dXH­^d>GKADHTHLKG_M5HY p  }nM5²\CZK=^#J5ADHR<#= p#£µ=2HIGKGDHZrUﬂF>5dXHi¡#UﬂdXHIJ5A_LﬀO H¦Vm5d>FX]-J^HimfUﬂA`dXHZrUﬂF>G_]-J^HdrO EfUﬂA±Y
STW1P5FX]-J^Hqp¢MVJ LKF>#PfUﬂdB¬°}  »1 a3B¯nLDH·GKADW1J5¡Hnm5ADWCDE^HnM5Hd3URZ\ADQ]-J^HIP^CHnM5H·ADQLDW1PfUﬂP^CHqMO W1ADMVADHqp¢MVJ
ADQLDW1PfUﬂGDHIJ5Ae¬T< #}/a3B¯N¦qp }  v#}/a3B¯=-k`UﬂP^L+dXHBCﬀU1LMVJT^d>GKADHN¬­³  s CHIGKGDHzZ\ADQ]-J^HIP^CHBM5HzADQLDW1PfUﬂP^CH
MO W1ADMVADHRp¢HLKGTM5QCﬀUﬂdXQHqHIGidrO UﬂGKGDQIP-JfUﬂGKFXW1P Uﬂm5myW1AKGDQHnmfUﬂAidXH·^d>GKADHR¬°}  »1a3B¯nHLKG/UﬂdXW1ADLTM5H·Y7<ﬀ  p°M5
²\CZK=f^#J5ADH<#= pV<%µ="HIGKGDHMVF:9QIADHIP^CHiMO HIP-¡F>ADW1P <ﬀp·M5LDHhADHIGKADW1J5¡HiLKJ5AcdXH­P5F>¡HﬀUﬂJ°M5HL`QISiFXLDLKFXW1P^LNmfUﬂA7U%Y
LKF>GDHL`UﬂJ5GDW1J5A_M5HT}  »1na3B¯=1ﬃ2W1J5A`dXHL_UﬂJ5GKADHL`ADHISTW1P-GDQHL]-J5FCW1AKADHLKmyW1P^M5HIP-G­¬/J5P^H­m5J5FXLDL7UﬂP^CHSTW1F>P^L
F>SimyW1AKG7UﬂP-GDH^dXHLzM5HIJV¦^d>GKADHLzLDW1P-GN¬­myHIJqm5ADLzQ]-J5F>¡#UﬂdXHIP-GDLﬀ=
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<#= p#j n³-myHCIGKADH`d3UﬂAKH`fUﬂP^M5H_HIPRLDW1AKGKFXH_M5HcdrO QISTHIGKGDHIJ5ANHIGeF>P^J^HIP^CHhMVJn^d>GKADHh¬T³  s
HIGKGDHQIGKJ^M5HLKF>Sim5dXHiU/myHIAKSiFXLcM5H­STHIGKGKADHHIP°QI¡FXM5HIP^CH­d3U/myW#LDLKF>5F>d>F>GDQ­M5H­S/U%gXGKAKFXLDHIAcdXHLcADHISTW1P-GDQHL
mfUﬂA7U1LKF>GDHLeE^W1ADLBM5Hcd3U­fUﬂP^M5H`GDW1J5GBHIPqCW1P^LDHIAK¡#UﬂP-GBdXHLm5ADW1m5AKFXQIGDQLNM5HN^d>GKA7UﬂH_HIGBM5HcADQKHCIGKFXW1Pqm5ADWCDE^H_M5H
d3UTfUﬂP^M5H­J5GKF>dXH#=yd>dXHiU·UﬂJ^LDLKF2STW1P-GKADQ­drO F>P^J^HIP^CHiM5HLNP^W1PVYrd>F>P^QﬀUﬂAKF>GDQL_M5HhdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5A_M5H­m5J5FXLDL7UﬂP^CH
LKJ5AedXHLeADHISTW1P-GDQHLBE^W1ADL±YrfUﬂP^M5H­UﬂJV¦·Z\ADQ]-J^HIP^CHLeEfUﬂAKSTW1P5FX]-J^HLﬀ=
j#v
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ﬂU¡HC+dXHL;MVF:9QIADHIP-GDHL
Z[W1P^CIGKFXW1P^L 	UﬂSim5d>F{fCﬀUﬂGKFXW1P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W1P5P^HISTHIP-Gﬀ=5k`UﬂP^L dXHBCﬀU1LMO Uﬂm5m5d>FXCﬀUﬂGKFXW1P^LShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5LVdXHL
CW1P-GKA7UﬂF>P-GDHL_LKJ5ANCDEfU1CIJ5P^HM5HhCHLzZ[W1P^CIGKFXW1P^LcM5HI¡FXHIP5P^HIP-GcF>SimyW1AKG7UﬂP-GDHLU%^P¢M5H_ADQImyW1P^MVADH¬id3UiZ[W1FXLcUﬂJV¦
H¦VF>HIP^CHLiM^UﬂP^LiCDEfU1]-J^H·fUﬂP^M5HnM5HTZ\ADQ]-J^HIP^CHJ5GKF>dXHHIGiUﬂJ^LDLKFzUﬂJV¦¸H¦VF>HIP^CHLiM5H·ADQKHCIGKFXW1P HIP M5HIE^W1ADL
M5HLzfUﬂP^M5HLﬀ=^PRm5d>J^LzM5HhCHLzCW1P-GKA7UﬂF>P-GDHLBZ[W1P^CIGKFXW1P5P^HId>dXHL^d3UiCDEfU%gXP^H­sBt©M5W1F>GzADHLKGDHIAzd3Um5d>J^LBCW1SimfU1CIGDH
myW#LDLKF>5dXH^U%^PRMO IGKADH`F>P-GDQI#ADQHhM^UﬂP^LBM5HLzLK VLKGDISTHLzM5H`CW1SiShJ5P5FXCﬀUﬂGKFXW1P^LNSTW15F>dXHLﬀ=
?z^PM5HzADQImyW1P^MVADHcUﬂJV¦/M5HIJV¦/H¦VF>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VM5HIJV¦
LDW1d>J5GKFXW1P^L_W1P-GhQIGDQTMVFXLDCIJ5GDQHL 	ydrO J5GKF>d>FXL7UﬂGKFXW1PM5HiCW1SimyW#L7UﬂP-GDL_ShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^L­HIG`drO J5GKF>d>FXL7UﬂGKFXW1P¸M5HiCW1SY
myW#L7UﬂP-GDLiShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5Lﬀ=++O J5GKF>d>FXL7UﬂGKFXW1PM5HCW1SimyW#L7UﬂP-GDLTShJ5d>GKF{Y[Z[W1P^CIGKFXW1P^LTmyHIAKSTHIGTM5HnCW1P^CHI¡W1F>A/M5HL
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myW#L7UﬂP-GDLBLKJ5Aed3UCDEfU%gXP^HhsBt=
³-F+drO W1P m5ADHIP^M°dXHTCﬀU1L_MVJ°^d>GKA7Uﬂ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2F>dHLKG­HIP-¡FXL7UﬂHﬀUﬂ5dXHM5H/S/U%gXGKAKFXLDHIAi¬qd3UZ[W1FXL
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M5W1P^C_M5HcADQﬀUﬂd>FXLDHIABM5HL^d>GKADHLBM5H`G7UﬂF>d>dXH`GKADLeADQMVJ5F>GDHT¨ jV< ^j#£ﬂª8=
 $ \'\'
 
*-,
!1$
ﬀ
%$&ﬁ ﬃ
*-,i
ﬀ
*-, .
&
"Uq^#J5ADHjV= w-vRSTW1P-GKADHdrO U1LKmyHCIGH¦VGDQIAKFXHIJ5AiMO J5P^d>GKADHq³?"´myW1J5ATa_³x¢#£#£RHIP©yW1F>GKFXHIA  

  

 ﬁ     =
nporq 
jV= w-v ·t2F>d>GKADH­³?"´ myW1J5Aca_³x¢#£#£n²&m5E^W1GDW 	5ﬃ `³ fM5HLDLKF>P 	f³?"´ e hµ
,

.

,
ﬃ "!#
*
 "·
*
ﬂﬃ$

$3ﬀ9
;HTCW1J5m5d3UﬂH·HIP-GKADH/W1P^M5HL­U1CW1J^LKGKFX]-J^HLhM5HTLKJ5A±ZrU1CHTHIGhW1P^M5HL­QIdXHCIGKADW1S/Uﬂ#P^QIGKFX]-J^HLHLKG`ADQﬀUﬂd>FXLDQTmfUﬂA
drO F>P-GDHIAKSTQMVF3UﬂF>ADHnMO J5PS/UﬂGDQIAKF3UﬂJ¸m5FXQI¯ﬀWQIdXHCIGKAKFX]-J^H#="U^#J5ADHjV= w-RUµcSTW1P-GKADH·dXHTm5AKF>P^CIF>myH/MO J5P¸GKA7UﬂP^L±Y
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QIP^QIADHIA`J5P^H­¡F>5A7UﬂGKFXW1P
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myHIdXQL­³%ﬃ Nk ²r³-F>P5#dXH ﬃEfU1LDH BP5F{Y8MVF>ADHCIGKFXW1P5PfUﬂd;A7UﬂP^LDMVJ^CHIAµ`HIGhM5HIJV¦°H¦5HISim5dXHLhM5HTLKGKAKJ^CIGKJ5ADHLhLDW1P-G
M5W1P5P^QLzmfUﬂAed3U­^#J5ADHhjV= w-µ=
#
   
 
 
   
    	 	
Signal
électrique +
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+ −
Substrat piézoélectrique
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+
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Filtre transverse simple
Filtre transverse SPUDT
Entrée SortieAbsorbeur
L
minL
max
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jV= }V< ·t2F>d>GKADHLc³?"´ M5HcG8 myH`GKA7UﬂP^LK¡HIADL7Uﬂd
kO UﬂJ5GKADHL G8 myHL+M5He^d>GKADHN³?"´ LDW1P-G GKADL+ADQImfUﬂP^MVJ^L 	#dXHL^d>GKADHL¬cADQLDW1PfUﬂGDHIJ5ADLB¨><ﬀ}ﬂª8= BPTADQLDW1PfUﬂGDHIJ5A
M5HhZrUKJW1P¢QIP^QIA7UﬂdXHHLKGcfU1LDQLKJ5AcJ5P^H­d>F>#P^HiM5H­GKA7UﬂP^LKSiFXLDLKFXW1P°M5H­dXW1P5#J^HIJ5A_ShJ5d>GKF>m5dXHiM5H
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	V=k`UﬂP^LcdXH
CﬀU1LhM5HL_^d>GKADHLi³?"´ J5PADQLDW1PfUﬂGDHIJ5AHIP

	nmyHIJ5GUﬂF>P^LKF IGKADHTF>P^LDQIADQ·¬drO F>P-GDQIAKFXHIJ5AS ISTH/M5HLhGKA7UﬂP^L±Y
MVJ^CIGDHIJ5ADLﬀ= 8dHLKGhUﬂJ^LDLKFmyW#LDLKF>5dXHMO J5GKF>d>FXLDHIA_M5HL`ADQLDW1PfUﬂGDHIJ5ADL_M5HdXW1P5#J^HIJ5A_QIdXHCIGKAKFX]-J^HTQIdXHI¡QHq²\]-J^HIdX]-J^HL
CHIP-G7UﬂF>P^HL`M5H_dXW1P5#J^HIJ5ADL`MO W1P^M5H%µeGDW1J5GcHIPŁ-UﬂADM^UﬂP-G`M5HLNMVF>STHIP^LKFXW1P^LNF>P-GDQI#A7Uﬂ5dXHL/²\M5H_drO W1ADMVADHMVJRSiS·µﬀ
myHIAKSTHIGKG7UﬂP-GTUﬂdXW1ADL­MO U¡W1F>AM5HLhmfUﬂA7UﬂSTIGKADHLM5HTmyHIP-GDH/GKADL­QIdXHI¡QL²&¡W1F>AijV= pV=><%µ=HL­MVF:9QIADHIP-GDHL­ADQLDWﬂY
PfUﬂP^CHL_myHIAKSTHIGKGDHIP-G­MO W15GDHIP5F>A­M5HL_ADQImyW1P^LDHLhU¡HC/M5HShJ5d>GKF>m5dXHLh¯ﬀQIADW#LhM5HiGKA7UﬂP^LKSiFXLDLKFXW1P;=2³VUﬂP^LhHIP-GKADHIA
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W1J5m5dXHMsBHLDW1PfUﬂGDW1AµﬀﬂdXHL"^d>GKADHL+¬zADQLDW1PfUﬂGDHIJ5ADLCW1J5m5dXQLGKA7UﬂP^LK¡HIADL7UﬂdXHISTHIP-GN² Bs 	 ;A7UﬂP^LK¡HIADL7Uﬂd>d> TW1JVY
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GSM Rx
GSM Tx
DCS/PCS Tx
DCS Rx
PCS Rx
Switch
Duplexeur
Fi l tre SAW
Fi l tre Passe−bas
Fi l tres SAW
Diodes PIN
Condensateurs
Résistances
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H
fUﬂP^M5H¨ pﬂw-w-} w-p%ª8=%ﬃUﬂAzCW1P-GKADHVmyHIJMO QIGKJ^M5HLeW1P-GeQIGDQNSTHIP^QHLLKJ5AeM5HLMVF>¡FXLDHIJ5ADLM5HBm5J5FXLDL7UﬂP^CHNShJ5d>GKF{Y
fUﬂP^M5HLh¨ }#£%ª8=
Z
c
Z
c
Z
c
port 1
port 2
port 3
2.Z
c
2.Z
c
2.Z
c
λ/4
λ/4
nporq 
pV=>< n³-GKAKJ^CIGKJ5ADHhMO J5PRMVF>¡FXLDHIJ5ABM5Hcm5J5FXLDL7UﬂP^CH_M5Hc´F>d F>P^LDW1P<c¡HIADLBj
k`UﬂP^L drO HLKm5AKF>GM5HBCHIGKGDHzGKE^LDHP^W1J^LU¡W1P^LCDE^HIADCDE^Q`¬`J5GKF>d>FXLDHIAdXHBMVF>¡FXLDHIJ5AM5Hzm5J5FXLDL7UﬂP^CHBCW1SiSTHNQIdXQY
STHIP-GM5H^d>GKA7UﬂHBCW1Sim5dXQISTHIP-G7UﬂF>ADH#=ﬃ2W1J5ACHId3U J5PT^d>GKA7UﬂHBLDQIdXHCIGKF{Z;HLKG+P^QCHLDL7UﬂF>ADHBHIG+P^W1J^LU¡W1P^LCDE^W1FXLKF
  *	   % 	  %    
       
vV<
0 0.5 1 1.5 2 2.5 3 3.5 4
−30
−25
−20
−15
−10
−5
0
Fréquence réduite
dB
S21=S31=S13=S12 
S32=S23 
S11 
S22=S33 
nporq 
pV= jﬃUﬂA7UﬂSTIGKADHL`³·MO J5PRMVF>¡FXLDHIJ5ABM5Hcm5J5FXLDL7UﬂP^CH_M5H`´F>d F>P^LDW1P <c¡HIADLNj
M5HLzLKGKAKJ^CIGKJ5ADHLcU¡HC`ADQLDW1PfUﬂGDHIJ5ADLﬀ=8ﬃ2W1J5ANW15GDHIP5F>ABdXHLem5ADW1m5AKFXQIGDQLNM5H`ShJ5d>GKF{Y[Z\ADQ]-J^HIP^CHfM5HLBLKGKAKJ^CIGKJ5ADHLN¬
fU1LDHhM5H_ADQLDW1PfUﬂGDHIJ5ADL`¬TL7UﬂJ5GNMO F>SimyQM^UﬂP^CH­LDW1P-GcQIGKJ^MVFXQHLﬀ=kcH_m5d>J^L^J5P^HhM5QIS/UﬂADCDE^HM5HhCW1P^CHIm5GKFXW1P°M5H
MVF>¡FXLDHIJ5ADLM5HBm5J5FXLDL7UﬂP^CHBJ5P·¡HIADL GKADW1FXLV¬_fU1LDHBM5HNM5HIJV¦/ADQLDW1PfUﬂGDHIJ5ADLHLKGM5QCIAKF>GDH#=Vd>dXHNHLKGF>d>d>J^LKGKADQHBmfUﬂA
d3UBADQﬀUﬂd>FXL7UﬂGKFXW1PiMO J5PiMVF>¡FXLDHIJ5AM5Hm5J5FXLDL7UﬂP^CHLKJ5ALKJ5^LKGKA7UﬂGkNJ5ADWrM=1PV^P1J5P5F>d3UﬂPiLKJ5A2dXHLmyHIA±Z[W1AKS/UﬂP^CHL
M5HL2Z[W1P^CIGKFXW1P^LMVF>¡FXLKFXW1PiM5Hm5J5FXLDL7UﬂP^CHHIG2^d>GKA7UﬂHmyHIAKSTHIGM5HCW1P^CId>J5ADHeLKJ5AdrO F>P-GDQIA IG+MO J5PiGDHId5CW1SimyW#L7UﬂP-Gﬀ=
  MNLﬂMNL  TFXNR`b X a
k`UﬂP^LBdXH­CﬀU1LcM5HhLKGKAKJ^CIGKJ5ADHLNShJ5d>GKFXLKG7UﬂP^M^UﬂADM5LyP^W1J^L`U¡W1P^LN¡JŁM^UﬂP^LNd3UTmfUﬂAKGKFXH·<#=><#= }V= j·]-J^H_dXHLcCW1SY
myW#L7UﬂP-GDLNF>P-GKAKF>P^LD]-J^HISTHIP-G`ShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5LcmyW1J5¡#UﬂFXHIP-G IGKADHhd3UﬂAKHYrfUﬂP^M5HL`W1JŁShJ5d>GKF{YrfUﬂP^M5HLﬀ=k`UﬂP^LNCH
M5HIJV¦VFXISTHNCﬀU1LdXHLfUﬂP^M5HLM5HzZ\ADQ]-J^HIP^CHBmyHIJ5¡HIP-GIGKADHNLKF>GKJ^QHLe¬_M5HL+Z\ADQ]-J^HIP^CHLMVF>¡HIADLDHL-HIGHIP/mfUﬂAKGKF{Y
CIJ5d>FXHIAe¬_M5HL ¡#UﬂdXHIJ5ADL P^W1P/ShJ5d>GKF>m5dXHLﬀ= 8dLDHeGKADW1J5¡HN]-J^Hzd3U_m5AKF>P^CIF>mfUﬂdXHBm5ADW1m5AKFXQIGDQcM5HL ADQLDW1PfUﬂGDHIJ5ADL¬_L7UﬂJ5GDL
MO F>SimyQM^UﬂP^CH²r³= = sh= 	V³-GDHIm5myHM 8SimyHM^UﬂP^CHBsBHLDW1PfUﬂGDW1AµHLKGMO U¡W1F>AM5HL+ADQLDW1PfUﬂP^CHLe¬_M5HLZ\ADQ]-J^HIP^CHL
]-J^H`drO W1PRmyHIJ5GzS/U%gXGKAKFXLDHIAﬀ=?BF>P^LKF 5dXH_MVF>¡FXLDHIJ5ANM5H`m5J5FXLDL7UﬂP^CH`^d>GKA7UﬂP-GNm5ADQLDHIP-GDQhM^UﬂP^LNCHIGKGDH_mfUﬂAKGKFXH_J5GKF>d>FXLDH
CHIGKGDH`m5ADW1m5AKFXQIGDQhM5HLN³= = sh=>=
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;HL2^d>GKADHL+¬`³= = sh=1W1P-G+QIGDQF>P-GKADWMVJ5F>GDLmfUﬂA+x¢U F>STW1GDWcHIGUﬂS/U1LKE5F>G7UcHIPq<ﬀ#v#£­¨ w»%ª8=1kcHP^W1Sh5ADHIJ^LDHL
QIGKJ^M5HL_¨ w-vVw-j%ª"W1P-GzSTW1P-GKADQ`drO F>P-GDQIA IGNM5H`CHLeADQLDW1PfUﬂGDHIJ5ADLemyW1J5AzW15GDHIP5F>ABM5HLzCW1SimyW1AKGDHISTHIP-GDLzZ\ADQ]-J^HIPVY
GKFXHIdXL+P^W1P/myQIAKFXWMVFX]-J^HLﬀ=VHzADQLDW1PfUﬂGDHIJ5A¬_L7UﬂJ5GMO F>SimyQM^UﬂP^CHNHLKG CW1P^LKGKF>GKJ^Q-CW1SiSTHBdXHzSTW1P-GKADHBd3UN^#J5ADH
pV= p M5H·GKADW1FXLiGKADW1P>JW1P^LTM5H·d>F>#P^HnM5Hd3UﬂAKHIJ5ADLTMVF:9QIADHIP-GDHLﬀ=;HLidXW1P5#J^HIJ5ADLTQIdXHCIGKAKFX]-J^HL/¬Rd3UŁm5ADHISiFXIADH
Z\ADQ]-J^HIP^CHNM5HzADQLDW1PfUﬂP^CH
 
LDW1P-GP^W1GDQHL
 


HIG dXHL F>SimyQM^UﬂP^CHLeCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HL
 
±=-;HIJ5ADL Z\ADQ]-J^HIP^CHL
M5HeADQLDW1PfUﬂP^CHBM5QImyHIP^M5HIP-GM5HL LKF{¦imfUﬂA7UﬂSTIGKADHLc²
  

  

  

 


 


 

µHIG CHIAKG7UﬂF>P^HL myHIJ5¡HIP-GUﬂF>P^LKF IGKADH
myW#LKF>GKFXW1P5P^QHLBM5HcS/UﬂP5FXIADH_F>P^M5QImyHIP^M^UﬂP-GDH#=
v#j
   
 
 	    	  	    %     
       
θ2 , Z2 θ3 , Z3
θ1 , Z1
L2 , W2 L1 , W1
L3 , W3
c.o. c.o.
nporq 
pV= p ·kcHLDCIAKF>m5GKFXW1PRMO J5PqADQLDW1PfUﬂGDHIJ5Ac¬L7UﬂJ5GzMO F>SimyQM^UﬂP^CH
k`UﬂP^L`dXHTCﬀU1L`dXHm5d>J^L`J5GKF>d>FXLDQTMVJ ADQLDW1PfUﬂGDHIJ5AhLK STQIGKAKFX]-J^Hq²&d>F>#P^HL­jHIG­p·FXM5HIP-GKFX]-J^HLµﬀ;dXHL`ADHId3UﬂGKFXW1P^L
²[pV=><%µeHIG²[pV= jµeM5W1P5P^HIP-GNdXHLBCW1P^MVF>GKFXW1P^LNLKJ5ABdXHLBM5HIJV¦nm5ADHISiFXIADHLNADQLDW1PfUﬂP^CHLU¡HC
 






dXH_A7Uﬂm5myW1AKG
M5HL+F>SimyQM^UﬂP^CHLM5HL+d>F>#P^HLﬀ=-;HBCDE^W1F{¦/MVJTA7Uﬂm5myW1AKG
 


myHIAKSTHIG M5He5¦5HIA+d3U`myW#LKF>GKFXW1P/M5HL M5HIJV¦im5ADHISiFXIADHL
Z\ADQ]-J^HIP^CHLBM5HcADQLDW1PfUﬂP^CH#=
 



   


   
²[pV=><%µ
 

 

 
  
 
   




 
  
 
   

²[pV= jµ
 \'\'3
 q$
 
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"UR^#J5ADHqpV= w¢m5ADQLDHIP-GDHGKADW1FXLiG8 myHLM5HR³= = sh=2]-JfU1LKF{Y8LK STQIGKAKFX]-J^HLiHIP©GDHCDE5P^W1dXW1#FXHqSiFXCIADW1AKJ5fUﬂP 	
dXHq³= = sh=2CId3U1LDLKFX]-J^H2dXHq³= = s ¬RM5HISiFeADHIm5d>FXQHIGdXHq³= = sh="ADHIm5d>FXQ#=+HLiMVF:9QIADHIP-GDLiADQLDW1PfUﬂGDHIJ5ADLiW1P-GidXHL
S ISTHLNdXW1P5#J^HIJ5ADL`HIGNd3UﬂAKHIJ5ADLcM5Hhd>F>#P^HHIGcW1P-GcM5W1P^C­dXHLBS ISTHLcCW1SimyW1AKGDHISTHIP-GDLcZ\ADQ]-J^HIP-GKFXHIdXL`LKF"drO W1P
CW1P^LKFXM5IADHc]-J^HBdXHLeCW1J5m5d3UﬂHLeHIP-GKADHNdXHLd>F>#P^HLeW1P-GmyHIJMO F>P^J^HIP^CH#=fHCIFHLKGF>P-GDQIADHLDL7UﬂP-GemyW1J5AW15GDHIP5F>A
M5HLzLKGKAKJ^CIGKJ5ADHLBCW1SimfU1CIGDHLNL7UﬂP^LeSTWMVF{fHIABM5HNZrUKJW1PRLKF>#P5F{fCﬀUﬂGKF>¡H`dXH_CW1SimyW1AKGDHISTHIP-GzZ\ADQ]-J^HIP-GKFXHIdr=
PTm5A7UﬂGKFX]-J^H1myW1J5A W15GDHIP5F>AJ5P^HzLKGKAKJ^CIGKJ5ADHzCW1SimfU1CIGDH#dXHL+MVFXLKG7UﬂP^CHL+HIP-GKADHedXHLd>F>#P^HL+LDW1P-GZrUﬂF>5dXHL+HIG
J5P^HcdXQIIADH`STWMVF{fCﬀUﬂGKFXW1PRM5HLeCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLeZ\ADQ]-J^HIP-GKFXHId>dXHLBM5HLADQLDW1PfUﬂGDHIJ5ADLN¬­M5HISiFADHIm5d>FXQ_HIGeADHIm5d>FXQ
HLKG`W1^LDHIAK¡QH#= BP^HCW1AKADHCIGKFXW1PM5HLcmfUﬂA7UﬂSTIGKADHL`QW1STQIGKAKFX]-J^HLhHLKG`M5W1P^C­P^QCHLDL7UﬂF>ADHmyW1J5A`W15GDHIP5F>AhM5HL
CW1SimyW1AKGDHISTHIP-GDLzZ\ADQ]-J^HIP-GKFXHIdXLBFXM5HIP-GKFX]-J^HLﬀ=
S.I.R. classique
S.I.R. à demi repl ié
S.I.R. repl ié
nporq 
pV= w  ;ADW1FXLzG8 myHLzM5H`ADQLDW1PfUﬂGDHIJ5ADLN¬L7UﬂJ5GBMO F>SimyQM^UﬂP^CHhHIPnGDHCDE5P^W1dXW1#FXHhSiFXCIADW1AKJ5fUﬂP
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?z^P M5Hd>F>SiF>GDHIATdXHLimyHIAKGDHLTHIG/M^UﬂP^LiJ5P LDW1J^CIFBM5HnCW1SimfU1CIF>GDQ+P^W1J^LTP^W1J^Lid>F>SiF>GDW1P^L·¬¢M5HL^d>GKADHL
MO W1ADMVADH<#=-"U`^#J5ADHcpV= }_STW1P-GKADHc]-J^HIdX]-J^HL+^d>GKADHLJ5GKF>d>FXL7UﬂP-GJ5P·ADQLDW1PfUﬂGDHIJ5Az³= = sh=>=%ﬃ2W1J5AdrO HIP^LDHISh5dXHcM5H
  *	   % 	  %    
       
v#p
CHLN^d>GKADHLW1P MVFXLKGKF>P5#J^HTM5HIJV¦ŁG8 myHL`M5HiCW1J5m5d3UﬂHim5ADQLDHIP-GDQLhLKJ5Acd3U/^#J5ADHTpV= V="HL_M5HIJV¦¢CW1J5m5d3UﬂHL
LDW1P-GcfU1LDQLNLKJ5AcM5HLNd>F>#P^HL`CW1J5m5dXQHL_U¡HCmyW1J5ANdXH­CW1J5m5d3UﬂHTpV= ·UµﬀJ5P^H­LDW1AKGKFXHLKJ5ANd3UT¡W1FXH­FXLDW1dXQH­HIG
myW1J5AedXH_CW1J5m5d3UﬂHhpV= µﬀ5J5P^H`LDW1AKGKFXH_LKJ5Aed3U¡W1FXH_CW1J5m5dXQH#=
Couplage Couplage
d’entrée de sortie
nporq 
pV= } ·¦5HISim5dXHLBM5Hc^d>GKADHh¬­ADQLDW1PfUﬂGDHIJ5Ac³= = sh=5HIPqGDHCDE5P^W1dXW1#FXH_SiFXCIADW1AKJ5fUﬂP
a) b)
nporq 
pV=  ·kNF:9QIADHIP-GDLNCW1J5m5d3UﬂHLBM5HL^d>GKADHLN¬T³= = sh=5CId3U1LDLKFX]-J^H^¬iM5HISiF;ADHIm5d>FXQ_HIGeADHIm5d>FXQ
ﬃUﬂAdXHCﬀUﬂdXCIJ5d ﬂmyW1J5AW15GDHIP5F>AJ5PiCWH
/CIFXHIP-G+M5H ADQfH¦VFXW1PP-J5d5M^UﬂP^L2dXHCﬀU1LMO J5P­^d>GKADH¬BJ5P­ADQLDW1PfUﬂGDHIJ5A
L7UﬂP^L­myHIAKGDH2dXHLCW1J5m5d3UﬂHLTMO HIP-GKADQHnHIGM5HLDW1AKGKFXHM5W1F>¡HIP-G IGKADH·FXM5HIP-GKFX]-J^HLﬀ= W1SiSTH·d3Uq^#J5ADHnpV= }RdXH
STW1P-GKADHM^UﬂP^LcdXHCﬀU1L`M5H_^d>GKADHT¬/ADQLDW1PfUﬂGDHIJ5ADL`CId3U1LDLKFX]-J^HW1J¢ADHIm5d>FXQyC#O HLKGcGDW1J KW1J5ADLcdXHCﬀU1Lﬀ=1ﬃUﬂA_CW1P-GKADH
M^UﬂP^L­dXH·CﬀU1L­M5HT^d>GKADHn¬nADQLDW1PfUﬂGDHIJ5AT¬RM5HISiFADHIm5d>FXQ"dXHLCW1J5m5d3UﬂHLiLDW1P-GMVF:9QIADHIP-GDLﬀ=8dHLKGCHImyHIP^M^UﬂP-G
myW#LDLKF>5dXH1HIPiW1m5GKF>SiFXL7UﬂP-G+dXHLdXW1P5#J^HIJ5ADL+M5HLd>F>#P^HLCW1J5m5dXQHL#MO U¡W1F>A+J5PiCW1J5m5d3UﬂHB¬BmyHIJm5ADLFXM5HIP-GKFX]-J^H
UﬂJV¦nZ\ADQ]-J^HIP^CHLNMO J5GKF>d>FXL7UﬂGKFXW1P;=yPŁADI#dXH_QIP^QIA7UﬂdXHd3UidXW1P5#J^HIJ5A`MVJŁCW1J5m5d3UﬂHipV= /UµeHLKGNM5HhdrO W1ADMVADH­MVJ
M5W1J55dXH_M5H`d3U­dXW1P5#J^HIJ5ANMVJqCW1J5m5d3UﬂH­pV= µ=
PRm5d>J^LBM5HLzm5ADW1m5AKFXQIGDQLNM5H`GKA7UﬂP^L±Z[HIAKGBM5H_m5J5FXLDL7UﬂP^CH5dXHhCW1J5m5d3UﬂH­pV= µeHLKGBQ]-J5F>¡#UﬂdXHIP-Gc¬J5PRLKGKJ5
M5H_S ISTH_dXW1P5#J^HIJ5A`]-J^H`d3Uid>F>#P^H­M5HhCW1J5m5d3UﬂH#= 8d;myHIJ5GNM5W1P^C IGKADH_J5GKF>d>FXLDQ_myW1J5ANCIADQHIANJ5PR¯ﬀQIADW/M^UﬂP^LBd3U
Z[W1P^CIGKFXW1PRM5HcGKA7UﬂP^L±Z[HIAKGBMVJn^d>GKADH#=
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NW1J^LcU¡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F>dHLKGeP^QCHLDL7UﬂF>ADH`MO UﬂJ5#STHIP-GDHIAzdXHcP^W1Sh5ADH_M5HNADQLDW1PfUﬂGDHIJ5ADLﬀ=HCIF;HLKGmyW#LDLKF>5dXHcHIPnJ5GKF>d>FXL7UﬂP-Ged3ULK P-GKE^LDH
M5Hc^d>GKADH­¬im5d>J^LKFXHIJ5ADLzADQLDW1PfUﬂGDHIJ5ADL`³= = sh=5S/UﬂFXLzd3UiG7UﬂF>d>dXHhMVJRMVF>¡FXLDHIJ5AcUﬂF>P^LKF;ADQﬀUﬂd>FXLDQhHLKGNUﬂdXW1ADLzShJ5d>GKF>m5d>FXQH
mfUﬂAzdXHcP^W1Sh5ADHhM5HcADQLDW1PfUﬂGDHIJ5ADLNHIGedXHLemyHIAKGDHLzMO F>P^LDHIAKGKFXW1P¢UﬂJ5#STHIP-GDHIP-Gﬀ=
"UqLKGKAKJ^CIGKJ5ADHTm5ADW1myW#LDQHimyHIAKSTHIGUﬂJ^LDLKF M5HimyW#LKF>GKFXW1P5P^HIAhJ5P ¯ﬀQIADWRM5HiGKA7UﬂP^LKSiFXLDLKFXW1P;=HImyHIP^M^UﬂP-G2CH
¯ﬀQIADWHLKG_UﬂSTHIP^QmfUﬂAcJ5P°m5E^QIP^W1STIP^HiM5HG8 myHLKGKJ5;=;W1SiSTHF>d+U·QIGDQ­¡J¢m5ADQCQM5HISiSTHIP-G"CH­G8 myHM5H
¯ﬀQIADWNP^HmyHIJ5GmfU1L IGKADHm5d3U1CQm5ADWCDE^HeMO J5P^HfUﬂP^M5HmfU1LDL7UﬂP-GDHL7UﬂP^L+UﬂJ5#STHIP-GDHIA M5H ZrUKJW1PiCW1P^LKFXM5QIA7Uﬂ5dXHdXHL
myHIAKGDHL+MO F>P^LDHIAKGKFXW1P;=ﬁﬃ2W1J5A F>P^LDQIADHIA+J5P/W1J/M5HL+¯ﬀQIADW#L M5HGKA7UﬂP^LKSiFXLDLKFXW1PTm5ADWCDE^H²\LµM5HL+fUﬂP^M5HL+J5GKF>dXHL#F>d^HLKG
P^QCHLDL7UﬂF>ADHhM5H_ADQﬀUﬂd>FXLDHIANM5HLBCW1J5m5d3UﬂHLcM5H_G8 myH`GKA7UﬂP^LK¡HIADLDHHIP-GKADHhdrO HIP-GKADQH­HIGzdXHLNLDW1AKGKFXHLzmfUﬂANH¦5HISim5dXH#=
HIGKGDH`QIGKJ^M5H`P;O U­mfU1LeQIGDQcADQﬀUﬂd>FXLDQHcS/UﬂFXLeJ5PqH¦5HISim5dXH`M5H`LKGKAKJ^CIGKJ5ADH`M5H`MVF>¡FXLDHIJ5AzM5Hcm5J5FXLDL7UﬂP^CHc5F{YrfUﬂP^M5H
<c¡HIADLNj­J5GKF>d>FXL7UﬂP-GBCH`m5AKF>P^CIF>myH_HLKGem5ADQLDHIP-GDQhLKJ5Aed3Uh^#J5ADH­pV=><ﬀ}V=
1
2
3
couplage
entrée sorties
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pV=><ﬀ}¦5HISim5dXH_M5H_MVF>¡FXLDHIJ5AzM5H`m5J5FXLDL7UﬂP^CH`5F{YrfUﬂP^M5HhU¡HChCW1J5m5d3UﬂH`GKA7UﬂP^LK¡HIADLDH
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k`UﬂP^LJ5P^HeCDEfU%gXP^HeMO QISiFXLDLKFXW1PTsBtﬂdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5A M5Hm5J5FXLDL7UﬂP^CHeUBmyW1J5AAD®1dXHM5HZ[W1J5AKP5F>A+UﬂJTLKF>#PfUﬂd^¬
GKA7UﬂP^LKSTHIGKGKADH¡HIADLdrO J5GKF>d>FXL7UﬂGDHIJ5Ad3UBm5J5FXLDL7UﬂP^CH P^QCHLDL7UﬂF>ADHe¬zJ5P^HADQCHIm5GKFXW1PiM5H]-JfUﬂd>F>GDQ#=1k`UﬂP^L2dXHLLK VLKGDISTHL
U1CIGKJ^HIdXL2C#O HLKGhd3¬qLDW1PJ5P5FX]-J^HTZ[W1P^CIGKFXW1P;=2k`UﬂP^LhdrO HLKm5AKF>G­M5H·CHIGKGDHTGKE^LDH"P^W1J^LU¡W1P^LiUﬂJ^LDLKFCDE^HIADCDE^HIAT¬
J5GKF>d>FXLDHIAzdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5ANM5H`m5J5FXLDL7UﬂP^CH_CW1SiSTH_QIdXQISTHIP-GNM5Hc^d>GKA7UﬂH_CW1Sim5dXQISTHIP-G7UﬂF>ADH#=
ﬃ2W1J5A·CHId3U +m5d>J^LKFXHIJ5ADL/LDW1d>J5GKFXW1P^L/M5HqLKGKAKJ^CIGKJ5ADHLTmyHIJ5¡HIP-G IGKADHqJ5GKF>d>FXLDQHL/M5W1P-G/J5P^HnfU1LDQHqLKJ5ATJ5P^H
UﬂADCDE5F>GDHCIGKJ5ADH_M5HNG8 myHNGKA7UﬂP^LK¡HIADLDH#=^HIGKGDH`LKGKAKJ^CIGKJ5ADHNP^W1J^LzU­LDHISh5dXQcmfUﬂAKGKFXCIJ5d>FXIADHISTHIP-GcUﬂm5m5ADW1m5AKFXQHcmyW1J5A
STHIGKGKADH_HIPRQI¡FXM5HIP^CH`d3UmyW#LDLKF>5F>d>F>GDQ_MO W15GDHIP5F>ABJ5PŁUﬂSim5d>F{fCﬀUﬂGDHIJ5Az^d>GKA7UﬂP-GzZ[W1P^CIGKFXW1P5PfUﬂP-GcLKJ5AzM5HLzfUﬂP^M5HL
M5HZ\ADQ]-J^HIP^CHzMVF:9QIADHIP-GDHLﬀ="U`M5QIS/UﬂADCDE^HBM5HeCW1P^CHIm5GKFXW1P·HIGJ5P^HADQﬀUﬂd>FXL7UﬂGKFXW1P·M5HeLKGKAKJ^CIGKJ5ADHBUﬂSim5d>F{fCﬀUﬂGKAKFXCH
^d>GKA7UﬂP-GDH­LDW1P-GBm5ADQLDHIP-GDQHLcM^UﬂP^LNCHIGKGDH_mfUﬂAKGKFXH#=H`GKA7U¡#UﬂF>dUZrUﬂF>GzdrO W1 KHIGNMO J5P^H_m5J55d>FXCﬀUﬂGKFXW1P UﬂJŁCW1P5#ADL
x Y±³HIPRj#£#£#jn¨ p#ﬂª"HIGzMO J5P^H_m5J55d>FXCﬀUﬂGKFXW1P¢UﬂJV¦*5 Nx HIPŁj#£#£#p¨ p#vﬂª8=
  M MNL  TFXNR`b X a
8d-HLKGmyW#LDLKF>5dXH+M5Hm5ADQLDHIP-GDHIA2dXHm5ADW15dXISTH M5H+drO UﬂSim5d>F{fCﬀUﬂGKFXW1Ph^d>GKA7UﬂP-GDHLDW1J^L"MVF:9QIADHIP-GDL;myW1F>P-GDL2M5H¡J^H#=
ﬃUﬂAcH¦5HISim5dXHfdXHLNCW1P^LKFXM5QIA7UﬂGKFXW1P^L`M5H_d3UimfUﬂAKGKFXH·<#=><#= }V= j/LKJ5ABdXHLNCW1SimyW#L7UﬂP-GDLNShJ5d>GKFXLKG7UﬂP^M^UﬂADM5L_UﬂSTIP^HIP-G
¬M5HIJV¦n#A7UﬂP^M5HLeZrUﬂSiF>d>dXHLzM5H_LKGKAKJ^CIGKJ5ADHL 	
dXHLzLKGKAKJ^CIGKJ5ADHLzF>P-GKAKF>P^LD]-J^HISTHIP-GNShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5L
dXHLzLKGKAKJ^CIGKJ5ADHLzADHCW1PV^#J5A7Uﬂ5dXHLﬀ=
kcH·S ISTHM5HLTCW1P^LKFXM5QIA7UﬂGKFXW1P^LTLKJ5Ad3U¢M5QIS/UﬂADCDE^HqM5HnCW1P^CHIm5GKFXW1PUﬂSTIP^HIP-G·¬RJ5P^HqUﬂJ5GKADHnMVFXLKGKF>P^CIGKFXW1P
HIP-GKADH`dXHLzLKGKAKJ^CIGKJ5ADHL 	
§CHId>dXHLz]-J5F;LDW1P-GzFXLDLKJ^HLzM5Hcd3USTWMVF{fCﬀUﬂGKFXW1PŁMO J5PŁUﬂSim5d>F{fCﬀUﬂGDHIJ5ANCId3U1LDLKFX]-J^H
§CHId>dXHLc]-J5FLDW1P-G`CW1P>JIJ^HL`MVF>ADHCIGDHISTHIP-G`myW1J5AcADQImyW1P^MVADHi¬·M5HLcCW1P-GKA7UﬂF>P-GDHLhMO UﬂSim5d>F{fCﬀUﬂGKFXW1P HIG`M5H
^d>GKA7UﬂH#=
PDC
P
eRF PsRF
Circui t
de
polarisation
Circui t
d’adaptation
d’impédance
Circui t
d’adaptation
d’impédance
nporq 
pV=><ﬀ q³-GKAKJ^CIGKJ5ADH_CId3U1LDLKFX]-J^H_MO UﬂSim5d>F{fCﬀUﬂGDHIJ5A
ﬃUﬂATH¦5HISim5dXHd3Uq^#J5ADHqpV=><ﬀŁm5ADQLDHIP-GDHnd3UŁLKGKAKJ^CIGKJ5ADHnMO J5P UﬂSim5d>F{fCﬀUﬂGDHIJ5A·CId3U1LDLKFX]-J^HnU¡HCJ5P QIdXQY
STHIP-G·U1CIGKF{Z dXHGKA7UﬂP^LKFXLKGDW1A U1LDLDWCIFXQq¬¢M5HL/QIdXQISTHIP-GDL/MO U1M^Uﬂm5G7UﬂGKFXW1PMO F>SimyQM^UﬂP^CHRHIG/M5HmyW1d3UﬂAKFXL7UﬂGKFXW1P;=
ﬃ2W1J5A·Uﬂm5myW1AKGDHIATMVJ©^d>GKA7UﬂHnM^UﬂP^LTCHIGKGDHnLKGKAKJ^CIGKJ5ADHF>deHLKGimyW#LDLKF>5dXHM5H·STWMVF{fHIATdXHLiCIF>ADCIJ5F>GDLTMO U1M^UﬂmVY
G7UﬂGKFXW1P MO F>SimyQM^UﬂP^CHRHIGTM5HnmyW1d3UﬂAKFXL7UﬂGKFXW1P;= BP^Hm5ADHISiFXIADHRLDW1d>J5GKFXW1P CW1P^LKFXLKGDHR¬ŁADQﬀUﬂd>FXLDHIA/M5HLTQIdXQISTHIP-GDL
ADHCW1PV^#J5A7Uﬂ5dXHLﬀ=8ﬃ2W1J5ABCHId3U 5F>d;HLKGemyW#LDLKF>5dXH`MO J5GKF>d>FXLDHIABM5HLe¡#UﬂAKFXCﬀUﬂm^LzW1JRM5HLzCW1SiShJ5G7UﬂGDHIJ5ADLfCW1SiSTH`dXH
STW1P-GKADHIP-G_dXHL`H¦5HISim5dXHL`M5Hd3UT^#J5ADHTpV=><%» myW1J5AcfU1LDCIJ5dXHIA_MO J5P^HiCW1PV^#J5A7UﬂGKFXW1P¸¬/J5P^HiUﬂJ5GKADH#=;H5J5G
HLKG+LDW1F>G+M5HSTWMVF{fHIA+dXHzCW1SimyW1AKGDHISTHIP-G+Z\ADQ]-J^HIP-GKFXHIdM5HL+CW1SimyW#L7UﬂP-GDL CW1P^LKGKF>GKJfUﬂP-G dXHL+QIdXQISTHIP-GDL+mfUﬂA+J5P^H
CW1SiS/UﬂP^M5HfLDW1F>GzM5H`fU1LDCIJ5dXHIABMO J5PRCW1SimyW#L7UﬂP-GN¬J5PRUﬂJ5GKADH`mfUﬂAzJ5P^H_CW1SiS/UﬂP^M5H·²[pV=><%»C%µ=
#j
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BP^HM5HIJV¦VFXISTHLDW1d>J5GKFXW1P°CW1P^LKFXLKGDHi¬TJ5GKF>d>FXLDHIA`M5HLcCW1SimyW#L7UﬂP-GDL_M5W1P-GcdXHCW1SimyW1AKGDHISTHIP-GcZ\ADQ]-J^HIP-GKFXHId
HLKGBS/U%gXGKAKFXLDQ#=1ﬃUﬂA`H¦5HISim5dXHfF>d2HLKGNmyW#LDLKF>5dXHhM5HhADHISim5d3U1CHIA`M5HLBd>F>#P^HLcM5HhGKA7UﬂP^LKSiFXLDLKFXW1PŁmfUﬂAcM5HLBd>F>#P^HL
¬L7UﬂJ5GDLBMO F>SimyQM^UﬂP^CH#=^+O UﬂSim5d>F{fCﬀUﬂGDHIJ5A`UﬂF>P^LKF"CW1P>JIJRHLKGBUﬂdXW1ADLzF>P-GKAKF>P^LD]-J^HISTHIP-GNShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM=
a) b) c)
Ligne de transmission Interrupteur Commutateur Varicap
nporq 
pV=><%»·¦5HISim5dXH_M5H_CW1SimyW#L7UﬂP-GDLzADHCW1PV^#J5A7Uﬂ5dXHL
k`UﬂP^Lhd3UnLKJ5F>GDH;P^W1J^L­U¡W1P^LCDE^W1FXLKFM5HiSTW1P-GKADHIAd3U·ZrUﬂFXL7Uﬂ5F>d>F>GDQ/M5H/CW1P^CHIm5GKFXW1P©MO J5P^H/LKGKAKJ^CIGKJ5ADH/HIP
m5ADHIPfUﬂP-GeHIPCW1Sim5GDHNM5HLCW1P-GKA7UﬂF>P-GDHLB¬`d3U`Z[W1FXLMO UﬂSim5d>F{fCﬀUﬂGKFXW1PnHIGM5Hz^d>GKA7UﬂH#="UhLKGKAKJ^CIGKJ5ADHNCDE^W1FXLKFXHcHLKG
d3UiLKGKAKJ^CIGKJ5ADH`GKA7UﬂP^LK¡HIADLDH#=
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BP^HNLKGKAKJ^CIGKJ5ADHBGKA7UﬂP^LK¡HIADLDHNHLKGCW1P^LKGKF>GKJ^QHCW1SiSTHNdXHzSTW1P-GKADHcd3Uc^#J5ADH`pV=><ﬀv M5Hzm5d>J^LKFXHIJ5ADLeUﬂSim5d>F{5Y
CﬀUﬂGDHIJ5ADL+HIPmfUﬂA7Uﬂd>dXIdXH#=- EfU1]-J^H¡W1FXHeMO UﬂSim5d>F{fCﬀUﬂGKFXW1PTmyW#LDLDM5HﬂHIPm5d>J^LM5HdrO UﬂSim5d>F{fCﬀUﬂGDHIJ5AM5HLQIdXQISTHIP-GDL
M5HBmyW1P^M5QIA7UﬂGKFXW1PnHIP·m5EfU1LDHBHIGQI¡HIP-GKJ^HId>dXHISTHIP-G^HIPnUﬂSim5d>F>GKJ^M5H#= BPMVF>¡FXLDHIJ5AHIGJ5PCW1Sh5F>P^HIJ5AzM5Hzm5J5FXL±Y
L7UﬂP^CH`myHIAKSTHIGKGDHIP-GNM5H`LDQImfUﬂADHIABHIGBM5H`CW1Sh5F>P^HIABdXHLzm5J5FXLDL7UﬂP^CHLzHIPqHIP-GKADQHhHIGBHIPqLDW1AKGKFXH#=
G1
GN
Gk
Diviseur
de
puissance
Combineur
de
puissance
Ampl i f icateurs
élémentai res
Eléments de
pondération
Eléments de
pondération
nporq 
pV=><ﬀv n³CDE^QIS/UTM5Hcm5AKF>P^CIF>myH_MO J5PŁUﬂSim5d>F{fCﬀUﬂGDHIJ5AB^d>GKA7UﬂP-GNM5HcG8 myH`GKA7UﬂP^LK¡HIADLDH
HIGKGDH·LKGKAKJ^CIGKJ5ADH/myHIJ5G IGKADH/¡J^H/CW1SiSTH/J5P©UﬂSim5d>F{fCﬀUﬂGDHIJ5AiM5HTm5J5FXLDL7UﬂP^CH·MVFXLKGKAKF>5J^Q2]-J5F myHIAKSTHIG
HIP-GKADHzUﬂJ5GKADHL#M5HADQImfUﬂAKGKF>Ad3UBm5J5FXLDL7UﬂP^CHeLKJ5Am5d>J^LKFXHIJ5ADL+UﬂSim5d>F{fCﬀUﬂGDHIJ5ADLﬀ=HCIFVmyHIJ5G IGKADHF>P-GDQIADHLDL7UﬂP-GMO J5P
myW1F>P-G+M5H¡J^H GKE^HIAKSiFX]-J^H1myW1J5AADQImfUﬂAKGKF>A+LKmfUﬂGKF3UﬂdXHISTHIP-G+d3UNCDEfUﬂdXHIJ5A+HIGMVF>SiF>P-J^HIAUﬂF>P^LKFVd3UBGDHISimyQIA7UﬂGKJ5ADHeM5H
drO UﬂSim5d>F{fCﬀUﬂGDHIJ5AcMVFXLKGKAKF>5J^Q#=fkcH`m5d>J^LVdXHLNUﬂSim5d>F{fCﬀUﬂGDHIJ5ADLNQIdXQISTHIP-G7UﬂF>ADHLcM^UﬂP^LBCDEfU1]-J^H`¡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M5HidrO UﬂP-GDHIP5P^H#=2"U·^#J5ADH·pV= j#vnC%µcM5W1P5P^HTJ5P GKA7U1CQ/CId3U1LDLKFX]-J^HiM5HTd3U¡#UﬂAKF3UﬂGKFXW1PM5H
CHIGKGDH/ADQLKFXLKG7UﬂP^CH·MO HIP-GKADQHADQMVJ5F>GDH·HIPZ[W1P^CIGKFXW1P©M5H/d3UnZ\ADQ]-J^HIP^CH#= BP¸ADHIS/UﬂAD]-J^H·]-J^H2HIP©M5HIE^W1ADLM5HL
Z\ADQ]-J^HIP^CHLM5H ADQLDW1PfUﬂP^CH#CHIGKGDHADQLKFXLKG7UﬂP^CHHLKG]-JfU1LKF>STHIP-GP-J5d>dXHCH]-J5FF>Sim5d>FX]-J^H#HIP­J5GKF>d>FXL7UﬂP-Gd3Uz^#J5ADH
pV= j#vTµﬀ^J5P^H_fUﬂP^M5HhmfU1LDL7UﬂP-GDH­MO U1M^Uﬂm5G7UﬂGKFXW1P¢]-JfU1LKF>STHIP-GNP-J5d>dXHHIGNM5W1P^C_J5P^H­U1M^Uﬂm5G7UﬂGKFXW1P°MO F>SimyQM^UﬂP^CH
F>AKADQﬀUﬂd>FXL7Uﬂ5dXHHIP¸m5A7UﬂGKFX]-J^H#= ﬃUﬂAiCW1P-GKADHUﬂJV¦ADQLDW1PfUﬂP^CHL"d3UqADQLKFXLKG7UﬂP^CH·HLKG­S/U%¦VF>S/UﬂdXH·CH·]-J5FmyHIAKSTHIG
MO W15GDHIP5F>A­M5HL_fUﬂP^M5HL_mfU1LDL7UﬂP-GDHLhMO U1M^Uﬂm5G7UﬂGKFXW1P©QIdXHI¡QHL­HIG`J5P^H·U1M^Uﬂm5G7UﬂGKFXW1P¸MO F>SimyQM^UﬂP^CHTADQﬀUﬂd>FXL7Uﬂ5dXH#=
k`UﬂP^LCHBCﬀU1L-d3U`fUﬂP^M5HNmfU1LDL7UﬂP-GDHB#dXW1fUﬂdXHNHLKGd>FXQHBJ5P5FX]-J^HISTHIP-GzUﬂJV¦/CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLeM5HBdrO UﬂP-GDHIP5P^H#= BP
CDE^HIADCDE^HhM5W1P^CcGDW1J KW1J5ADLB¬U1M^Uﬂm5GDHIAzJ5P^H_UﬂP-GDHIP5P^Hh¬­ADQLDW1PfUﬂGDHIJ5ABUﬂJV¦·Z\ADQ]-J^HIP^CHLeM5HcADQLDW1PfUﬂP^CH#=^k`UﬂP^LdXH
CﬀU1L`MO J5P¢Z[W1P^CIGKFXW1P5P^HISTHIP-GhShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM dXH5J5G`HLKG`M5W1P^CiM5HS/U%gXGKAKFXLDHIA`d3U/fUﬂP^M5HmfU1LDL7UﬂP-GDHiM5HiCHL
UﬂP-GDHIP5P^HLcUﬂJ5GDW1J5ABM5HLzMVF:9QIADHIP-GDHLzZ\ADQ]-J^HIP^CHLzM5H`ADQLDW1PfUﬂP^CHLﬀ=
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nporq 
pV= j#v qUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLBM5H`drO U1M^Uﬂm5G7UﬂGKFXW1PŁMO F>SimyQM^UﬂP^CHhMO J5P^HhUﬂP-GDHIP5P^H
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kO J5PqmyW1F>P-GBM5Hc¡J^H`CIF>ADCIJ5F>G5dXHcA7U W1P5P^HISTHIP-G`HLKGzQ]-J5F>¡#UﬂdXHIP-GN¬M5HLemyHIAKGDHL5HIGzW1PqdXHcSTWM5QId>FXLDH`mfUﬂAeJ5P^H
ADQLKFXLKG7UﬂP^CHeM5HA7U W1P5P^HISTHIP-Gﬀ=kO J5PimyW1F>P-G M5H¡J^HA7U W1P5P^HISTHIP-G-dXHL+CﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HL+LDW1P-G M5W1P5P^QHLmfUﬂA
dXHcMVF3Uﬂ#A7UﬂSiSTH_M5HcA7U W1P5P^HISTHIP-Gﬀ=8dymyHIAKSTHIGzM5HN¡FXLKJfUﬂd>FXLDHIAd3UhADQImfUﬂAKGKF>GKFXW1PRM5Hcm5J5FXLDL7UﬂP^CHNA7U W1P5P^QH_M^UﬂP^L
drO HLKmfU1CH#=5k`UﬂP^LdXHcCﬀU1LeMO J5P·Z[W1P^CIGKFXW1P5P^HISTHIP-GBShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM 5d3UMVF 
/CIJ5d>GDQcADQLKFXM5HcM^UﬂP^Ld3U­S/U%gXGKAKFXLDHcM5H
CH`A7U W1P5P^HISTHIP-G`UﬂJV¦nMVF:9QIADHIP-GDHLzZ\ADQ]-J^HIP^CHLzMO J5GKF>d>FXL7UﬂGKFXW1P;=
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ﬃJ5FXLD]-J^HeCW1SiSTH°P^W1J^LndrO U¡W1P^LRMVF>GdXH¢A7U W1P5P^HISTHIP-G¢MO J5P^H UﬂP-GDHIP5P^H¸¬¸ADQLDW1PfUﬂGDHIJ5AqP;O HLKGnmyW#L±Y
LKF>5dXHn]-J;O UﬂJ5GDW1J5A/M5HLZ\ADQ]-J^HIP^CHLTM5HADQLDW1PfUﬂP^CH+W1P ¡W1F>G·UﬂdXW1ADLiGDW1J5GTM5HnLKJ5F>GDHdrO F>P-GDQIA IG·MO J5GKF>d>FXLDHIATJ5P
ADQLDW1PfUﬂGDHIJ5AB¬hL7UﬂJ5GeMO F>SimyQM^UﬂP^CHcmyW1J5AdXH]-J^HIdyF>dHLKGmyW#LDLKF>5dXHNM5HB5¦5HIAdXHL Z\ADQ]-J^HIP^CHLeM5HNADQLDW1PfUﬂP^CHcF>PVY
M5QImyHIP^M5HISiSTHIP-GzdXHLJ5P^HLzM5HLzUﬂJ5GKADHLﬀ=VsBHLKGDH`¬hS/U%gXGKAKFXLDHIAedrO U1M^Uﬂm5G7UﬂGKFXW1PRMO F>SimyQM^UﬂP^CH_HIGdXH`MVF3Uﬂ#A7UﬂSiSTH
M5HhA7U W1P5P^HISTHIP-Gh¬/CHLzZ\ADQ]-J^HIP^CHLNmyW1J5ANJ5P^HhJ5GKF>d>FXL7UﬂGKFXW1P¢ShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM="NO HLKGcLKJ5ANCHhm5AKF>P^CIF>myH­]-J^H
P^W1J^LBU¡W1P^LzfU1LDQ`drO QIGKJ^M5H_LKJ5F>¡#UﬂP-GDH#=
  M  MNL  TFXNR`b X a
"UŁADQImyW1P^LDH·Z\ADQ]-J^HIP-GKFXHId>dXHqMO J5P^HqUﬂP-GDHIP5P^HnmyHIJ5G IGKADHJ5GKF>d>FXLDQHmyW1J5A/UﬂJ5#STHIP-GDHIATdXH·^d>GKA7UﬂHnMO J5P^H
CDEfU%gXP^HqM5HGKA7UﬂP^LKSiFXLDLKFXW1P;= ﬃ2W1J5A·CHId3U F>dZrUﬂJ5Gid3UŁS/U%gXGKAKFXLDHIA/UﬂJV¦ MVF:9QIADHIP-GDHLiZ\ADQ]-J^HIP^CHLTMO J5GKF>d>FXL7UﬂGKFXW1P;=
BP M5HLim5AKF>P^CIF>myHLTCW1P^LKFXLKGDHn¬¢CIADQHIAiJ5P^HqUﬂP-GDHIP5P^HqM5HQW1STQIGKAKFXHnGDHId>dXHn]-J^HnM5HP^W1Sh5ADHIJV¦ STWM5HLiM5H
ADQLDW1PfUﬂP^CH_myHIJ5¡HIP-GNLﬀO QIG7Uﬂ5d>F>ABHIGN¬iLDQIdXHCIGKFXW1P5P^HIAcW1JqSTWMVF{fHIAzdXHLzSTWM5HLB]-J5F"CW1AKADHLKmyW1P^M5HIP-GcUﬂJV¦qMVF:9QY
ADHIP-GDLLKG7UﬂP^M^UﬂADM5LLDW1J5EfUﬂF>GDQLﬀ=-?BF>P^LKF -M5HIJV¦iS/UﬂP5FXIADHLM5HeS/U%gXGKAKFXLDHIAdXHLZ\ADQ]-J^HIP^CHLM5HzADQLDW1PfUﬂP^CHzmyHIJ5¡HIP-G
IGKADH_J5GKF>d>FXLDQHL 	fLDW1F>GBmfUﬂABJ5Pq^d>GKA7UﬂH­M5H_STWM5HfLDW1F>GBmfUﬂANJ5P^H_STWMVF{fCﬀUﬂGKFXW1PRZ\ADQ]-J^HIP-GKFXHId>dXH­M5HhSTWM5H#=f;H
^d>GKA7UﬂH`M5HcSTWM5HcCW1P^LKFXLKGDH_¬hm5d3U1CHIAzM5HLeCW1J5AKGDLzCIF>ADCIJ5F>GDLzQIdXHCIGKAKFX]-J^HLzHIGz¬iUﬂd>F>STHIP-GDHIAzdrO UﬂP-GDHIP5P^H_M5HcGDHId>dXH
ZrUKJW1PT]-J^HdXHLSTWM5HLP^W1PTLDW1J5EfUﬂF>GDQHLP^HeLDW1FXHIP-GmfU1LH¦5CIF>GDQLﬀ=-HIGKGDHGDHCDE5P5FX]-J^HzHLKGJ5GKF>d>FXLDQHmfUﬂA+H¦5HISim5dXH
myW1J5AzdXHLBUﬂP-GDHIP5P^HLcM5H`GDQIdXQIm5E^W1P^HLBmyW1AKG7Uﬂ5dXHLh¨ w-%ª8=^"UiSTWMVF{fCﬀUﬂGKFXW1PqZ\ADQ]-J^HIP-GKFXHId>dXHhM5H`STWM5H^]-J^H`P^W1J^L
Uﬂd>dXW1P^L¡W1F>AeM^UﬂP^LCHIGKGDHBmfUﬂAKGKFXHVCW1P^LKFXLKGDH`¬hCIADQHIAM5HL¯ﬀW1P^HLWVLKJ5F>¡#UﬂP-Gd3U`Z\ADQ]-J^HIP^CHdXHBSTWM5HNHLKGm5d>J^L
W1J¢STW1F>P^L`UﬂGKGDQIP-J^QSTWMVF{UﬂP-GhUﬂdXW1ADLNdXHL`CW1P^MVF>GKFXW1P^L`M5H­ADQLDW1PfUﬂP^CH#="HIAKG7UﬂF>P^HL_UﬂP-GDHIP5P^HL`ADQﬀUﬂd>FXLDQHLcmfUﬂA
CHIGKGDHBGDHCDE5P5FX]-J^HNLDW1P-Gm5ADWCDE^HLM5HBLKGKAKJ^CIGKJ5ADHLM5HzG8 myHBL7UﬂJ5GMO F>SimyQM^UﬂP^CH#= 8dfP^W1J^LU`mfUﬂAKJM5W1P^CBF>SimyW1A±Y
G7UﬂP-GBMO QIGKJ^MVFXHIABdXHLemyW#LDLKF>5F>d>F>GDQLzW 9HIAKGDHLemfUﬂABM5HLzLKGKAKJ^CIGKJ5ADHLzQIP^QIA7UﬂdXHLN¬L7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH_myW1J5AzM5HL
Uﬂm5m5d>FXCﬀUﬂGKFXW1P^L`ShJ5d>GKF{Y8LKG7UﬂP^M^UﬂADM5Lﬀ=+O QIGKJ^M5HM5HCﬀUﬂA7U1CIGDIADH­QIP^QIA7Uﬂd HLKG`Uﬂm5m5d>FX]-J^QHiUﬂJV¦ŁCﬀU1L`M5HL`UﬂP-GDHIP5P^HL
mfUﬂGDCDE^Lﬀ=
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³-FzdrO W1P CW1P^LKFXM5IADHndrO UﬂP-GDHIP5P^HRmfUﬂGDCDE ADHCIG7UﬂP5#J5d3UﬂF>ADHRM5Hnd3UŁ^#J5ADHRpV= j#Uµﬀ+]-J^HId>dXHn]-J^HqLDW1F>GTd3URZ\ADQY
]-J^HIP^CH dXHL·STWM5HL·M5HRADQLDW1PfUﬂP^CHŁLﬀO QIG7Uﬂ5d>FXLDLDHIP-GnLKJ5A·GDW1J5GDHRd3U dXW1P5#J^HIJ5AnM5HqdrO UﬂP-GDHIP5P^H#=BHCIF`UﬂSTIP^H
UﬂJV¦ŁCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HL_CId3U1LDLKFX]-J^HLcM5H­drO UﬂP-GDHIP5P^HimfUﬂGDCDE 	dXHLBZ\ADQ]-J^HIP^CHL`M5H­ADQLDW1PfUﬂP^CHLKJ5myQIAKFXHIJ5ADHiLDW1P-G
¬/myHIJ¢m5ADL`ShJ5d>GKF>m5dXHL_M5Hd3U/m5ADHISiFXIADHZ\ADQ]-J^HIP^CHiM5H­ADQLDW1PfUﬂP^CHTHIGcdXHL`MVF3Uﬂ#A7UﬂSiSTHLhM5H­A7U W1P5P^HISTHIP-G
myW1J5A2dXHL2STWM5HL2mfUﬂF>ADL2myW#LDLDM5HIP-GJ5P­¯ﬀQIADW`¬zdrO Uﬂ¯F>ShJ5G+M5H drO UﬂP-GDHIP5P^H#CW1SiSTHdXH STW1P-GKADHd3Ue^#J5ADHepV= j#Bµ=
+O J5PM5HL"m5AKF>P^CIF>myHLM5H+d3UzSTWMVF{fCﬀUﬂGKFXW1PhZ\ADQ]-J^HIP-GKFXHId>dXHM5H+STWM5HCW1P^LKFXLKGDH¬em5d3U1CHIAJ5P_^d>GKADHUﬂJhSiF>d>FXHIJ
MO J5P^H`UﬂP-GDHIP5P^H_M5HBZrUKJW1Pq¬hCIADQHIAzM5HLSTWM5HLeLKJ5AM5HLdXW1P5#J^HIJ5ADLzMVF:9QIADHIP-GDHLzUﬂJnLDHIF>PnM5HNdrO UﬂP-GDHIP5P^HT¨ w#w1ª8=
"UB^#J5ADHBpV= p#£`Uµ"m5ADQLDHIP-GDHeJ5P^HBUﬂP-GDHIP5P^HemfUﬂGDCDETADHCIG7UﬂP5#J5d3UﬂF>ADHBM^UﬂP^Ld3U1]-J^HId>dXHzHLKGF>P^LDQIADQeJ5P^d>GKADHmfU1LDLDHY
fU1Lﬀ=f?Z\ADQ]-J^HIP^CHhfU1LDLDH5dXH_^d>GKADH_P;O U/UﬂJ^CIJ5P¢H 9HIGNHIGBdXH_m5ADHISiFXHIANSTWM5H­M5H_ADQLDW1PfUﬂP^CH­LﬀO QIG7Uﬂ5d>F>GNLKJ5ABd3U
dXW1P5#J^HIJ5AcGDW1G7UﬂdXH­M5HhdrO UﬂP-GDHIP5P^H#= ﬃUﬂA`CW1P-GKADH¬iZ\ADQ]-J^HIP^CHhm5d>J^LNEfUﬂJ5GDHfdXH_^d>GKADH¹5dXW]-J^H¹_drO QIP^HIAK#FXHLKJ5A
d3Um5ADHISiFXIADH/mfUﬂAKGKFXH/M5HidrO UﬂP-GDHIP5P^H·HIGhdXHiSTWM5H/M5HiADQLDW1PfUﬂP^CH/LﬀO QIG7Uﬂ5d>F>G­LKJ5A_J5P^HTdXW1P5#J^HIJ5A­m5d>J^L`ZrUﬂF>5dXH#=
k`UﬂP^L dXHLM5HIJV¦/CﬀU1LdXHzSTWM5HBM5HzADQLDW1PfUﬂP^CHNHLKG dXHzm5ADHISiFXHIASTWM5HzF>SimfUﬂF>ACHN]-J5F^myHIAKSTHIGMO W15GDHIP5F>AM5HL
MVF3Uﬂ#A7UﬂSiSTHLM5HeA7U W1P5P^HISTHIP-Ge]-JfU1LKF{Y8W1SiP5FXMVF>ADHCIGKFXW1P5P^HIdXLmyW1J5A+dXHL M5HIJV¦Z\ADQ]-J^HIP^CHLCW1SiSTHzdXHeSTW1P-GKADH
d3U_^#J5ADH_pV= p#£­µ=5Pm5A7UﬂGKFX]-J^HVdXHN^d>GKADHcF>P^J^HIP^CH_UﬂJ^LDLKFydXHNm5ADHISiFXHIAzSTWM5HcM5HcADQLDW1PfUﬂP^CH#=5?BF>P^LKF F>dHLKG
myW#LDLKF>5dXHcMO U¡W1F>AzJ5P^HcADQMVJ^CIGKFXW1PqM5HcG7UﬂF>d>dXH`M5HNdrO UﬂP-GDHIP5P^H_#A
 
CH_UﬂJnM5QIm5EfU1L7UﬂH_LKJ5m5m5dXQISTHIP-G7UﬂF>ADH­Uﬂm5myW1AKGDQ
mfUﬂAzdXHN^d>GKADH#=
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Fi l tre de mode
nporq 
pV= p#£ nxŁWM5H_M5H_ADQLDW1PfUﬂP^CH­MO J5P^H­UﬂP-GDHIP5P^HhmfUﬂGDCDE°U¡HChSTWMVF{fCﬀUﬂGKFXW1PRZ\ADQ]-J^HIP-GKFXHId>dXHM5H`STWM5HhHIG
MVF3Uﬂ#A7UﬂSiSTHhM5H`A7U W1P5P^HISTHIP-GcCW1AKADHLKmyW1P^M^UﬂP-G
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kNF:9QIADHIP-GDL G8 myHL M5H^d>GKADHzmyHIJ5¡HIP-GIGKADHzF>P^LDQIADQL M^UﬂP^L+J5P^HNUﬂP-GDHIP5P^HBmfUﬂGDCDE/ADHCIG7UﬂP5#J5d3UﬂF>ADH#=V"UN^#J5ADH
pV= pV<­M5W1P5P^HM5HIJV¦ŁH¦5HISim5dXHL 	fJ5PR^d>GKADHM5HhG8 myH­]-JfU1LKF{Y8HId>d>F>m5GKFX]-J^H­HIGNJ5PŁ^d>GKADH­M5HhG8 myH_Z[HIP-GDH#=1ﬃ2W1J5A`CH
M5HIAKP5FXHIAVJ5P^HcQIGKJ^M5HcCW1Sim5dXIGDH`M5HNd3U­CW1P^CHIm5GKFXW1PqMO J5P^H_UﬂP-GDHIP5P^H_U¡HCNZ[HIP-GDHcHLKGeM5QCIAKF>GDHcM^UﬂP^L`¨ w-ﬂª8=d>dXH
U ﬂHIP-GKADHzUﬂJ5GKADH#M5QIyW1J^CDE^QLKJ5Ad3UzADQﬀUﬂd>FXL7UﬂGKFXW1PTMO J5P^HeUﬂP-GDHIP5P^H5F{YrfUﬂP^M5H ﬂﬁ 
 
BY 
 
NmyW1J5Ad3U1]-J^HId>dXH
dXHLmfUﬂA7UﬂSTIGKADHLzQW1STQIGKAKFX]-J^HLBHIGedXHLeCﬀUﬂA7U1CIGDQIAKFXLKGKFX]-J^HLBM5HcA7U W1P5P^HISTHIP-GNLDW1P-GBM5W1P5P^QLB¬hd3Uh^#J5ADHhpV= p#jV=
a) b)
nporq 
pV= pV</¦5HISim5dXHLeM5HB^d>GKADHNmyW1J5ASTWMVF{fCﬀUﬂGKFXW1PZ\ADQ]-J^HIP-GKFXHId>dXHcM5HNSTWM5H 	VUµ^d>GKADHc]-JfU1LKF{Y8HId>d>F>m5GKFX]-J^H
HIGeµ ^d>GKADH_M5HcG8 myHcZ[HIP-GDH
90
0
−90 90
0
−90
0.895 GHz 2.015 GHz
103
mm
66m
m
60mm
nporq 
pV= p#j/sBQﬀUﬂd>FXL7UﬂGKFXW1PqMO J5P^H_UﬂP-GDHIP5P^HcmfUﬂGDCDEq5F{YrfUﬂP^M5HcmfUﬂAeSTWMVF{fCﬀUﬂGKFXW1PnZ\ADQ]-J^HIP-GKFXHId>dXH`M5HcSTWM5HcM5H
G8 myHNZ[HIP-GDH
HL­UﬂP-GDHIP5P^HLi¬·Z[HIP-GDH/LDW1P-G­CW1P^LKGKF>GKJ^QHL­M5HiGKADW1FXLhGKADW1P>JW1P^L­M5Hid>F>#P^H/M5W1P-GhJ5P^H/M5HTd3UﬂAKHIJ5A_ZrUﬂF>5dXH
mfUﬂA+A7Uﬂm5myW1AKGUﬂJV¦/UﬂJ5GKADHL-UﬂJ5GKADHISTHIP-GeMVF>G MO F>SimyQM^UﬂP^CHeZ[W1AKGDH#=-"U`LKGKAKJ^CIGKJ5ADHBLKF>Sim5d>F{fQHBM5HedrO UﬂP-GDHIP5P^HNHLKG
M5W1P^CNM5HNG8 myHNL7UﬂJ5GMO F>SimyQM^UﬂP^CH5U¡HCNJ5P·GKADW1P>JW1PnMO F>SimyQM^UﬂP^CHNZ[W1AKGDHNHIGM5HBdXW1P5#J^HIJ5AADQMVJ5F>GDH#=NW1J^L
U¡W1P^L¡JVM^UﬂP^LdXHcCﬀU1LeMVJnMVF>¡FXLDHIJ5AM5HNm5J5FXLDL7UﬂP^CHB^d>GKA7UﬂP-GBM5HBd3UhmfUﬂAKGKFXH_pV=><V]-J^HBdXHLeLKGKAKJ^CIGKJ5ADHLz¬hL7UﬂJ5GDL
MO F>SimyQM^UﬂP^CH`myHIAKSTHIGKGDHIP-GBM5HcmyW#LKF>GKFXW1P5P^HIAzdXHLZ\ADQ]-J^HIP^CHLzM5HcADQLDW1PfUﬂP^CH_M5HcS/UﬂP5FXIADH`F>P^M5QImyHIP^M^UﬂP-GDH#=8d
LDHISh5dXHUﬂdXW1ADLNF>P-GDQIADHLDL7UﬂP-G`M5H_¡W1F>ANdXHLBmyW#LDLKF>5F>d>F>GDQLNM5H­CHLNLKGKAKJ^CIGKJ5ADHL`¬TL7UﬂJ5GcMO F>SimyQM^UﬂP^CHiUﬂm5m5d>FX]-J^QHL
UﬂJqCﬀU1LBM5HLBUﬂP-GDHIP5P^HLBM^UﬂP^LzJ5PqCﬀU1Lzm5d>J^LeQIP^QIA7Uﬂd"]-J^H_CHId>J5F"M5Hcd3U­Z[HIP-GDH#=
<ﬀ£#v
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ºBJ^HIdX]-J^HLH¦5HISim5dXHLMO UﬂP-GDHIP5P^HLQIGKJ^MVFXQHLM^UﬂP^LCHIGKGDHzmfUﬂAKGKFXHBLDW1P-GM5W1P5P^QL mfUﬂA d3UN^#J5ADHNpV= p#pV=k`UﬂP^L
J5P¢CﬀU1LBQIP^QIA7Uﬂd fdrO UﬂP-GDHIP5P^HHLKGBJ5PŁADQLDW1PfUﬂGDHIJ5AcCW1P^LKGKF>GKJ^Q­M5H GKADW1P>JW1P^LcM5H_d>F>#P^HLcMO F>SimyQM^UﬂP^CHLi²\M5H
d3UﬂAKHIJ5ADLµHIGBM5HcdXW1P5#J^HIJ5ADLNMVF:9QIADHIP-GDHL^LDW1F>G zY7<`L7UﬂJ5GDLzMO F>SimyQM^UﬂP^CH#=
nporq 
pV= p#p ·¦5HISim5dXHLBMO UﬂP-GDHIP5P^HLc¬iL7UﬂJ5GzMO F>SimyQM^UﬂP^CH
k`UﬂP^LedXH_CﬀU1LemfUﬂAKGKFXCIJ5d>FXHIABM5H`drO UﬂP-GDHIP5P^HhHIP 3M5Hcd3Uh^#J5ADHhpV= pﬂw ^]-J5F;HLKGeJ5P^H_UﬂP-GDHIP5P^HhLK STQIGKAKFX]-J^H_¬
M5HIJV¦iL7UﬂJ5GDL+MO F>SimyQM^UﬂP^CHdXHADQLDW1PfUﬂGDHIJ5AHLKG+Q]-J5F>¡#UﬂdXHIP-G¬cCHId>J5F^J5GKF>d>FXLDQzM^UﬂP^LdXHeMVF>¡FXLDHIJ5A M5Hm5J5FXLDL7UﬂP^CH 	
F>d5HLKG2myW#LDLKF>5dXHM5HM5QIGDHIAKSiF>P^HIAdXHLCW1P^MVF>GKFXW1P^L+M5HADQLDW1PfUﬂP^CHeM5HLM5HIJV¦­m5ADHISiFXHIADLSTWM5HLe²[pV=><ﬀµ2HIGz²[pV=><%»#µ=
 HLKGBdXH_A7Uﬂm5myW1AKGcM5HLBF>SimyQM^UﬂP^CHL
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HLKGBd3UZ\ADQ]-J^HIP^CH­M5H_ADQLDW1PfUﬂP^CHMVJRm5ADHISiFXHIAcSTWM5HhHIG
  
CHId>dXH_MVJRLDHCW1P^M=
θ2 , Z2 θ2 , Z2
θ1 , Z1
L2 , W2 L1 , W1
L2 , W2
c.o. c.o.
nporq 
pV= pﬂw ·¦5HISim5dXHhM5HcdrO UﬂP-GDHIP5P^H­HIP 3
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²[pV=><%»#µ
? mfUﬂAKGKF>AnM5HRCHLCW1P^MVF>GKFXW1P^LM5HIJV¦CW1J5AKyHL·myHIAKSTHIGKGDHIP-GnMO W15GDHIP5F>AJ5P^HŁQI¡#Uﬂd>JfUﬂGKFXW1P§]-JfUﬂd>F>G7UﬂGKF>¡H
M5HL_myHIA±Z[W1AKS/UﬂP^CHL­MO J5P^H/GDHId>dXH/UﬂP-GDHIP5P^H#="UqCW1J5AKyHTM5HTd3U·^#J5ADHpV= p#}qM5W1P5P^HTd3UADQMVJ^CIGKFXW1P©M5HTG7UﬂF>d>dXH
M5HdrO UﬂP-GDHIP5P^HTHIP 3 mfUﬂAcA7Uﬂm5myW1AKGh¬·J5P^HTUﬂP-GDHIP5P^HimfUﬂGDCDE°ADHCIG7UﬂP5#J5d3UﬂF>ADH·U -UﬂP-G_d3U/S ISTH­Z\ADQ]-J^HIP^CHiM5H
ADQLDW1PfUﬂP^CH/fU1LDLDH"HIP Z[W1P^CIGKFXW1P©MVJ¸A7Uﬂm5myW1AKG
 
HIG­MVJ¸A7Uﬂm5myW1AKG 





=""URCW1J5AKyH/M5H/d3U^#J5ADHpV= p#
M5W1P5P^HidXHiCW1SimyW1AKGDHISTHIP-G_Z\ADQ]-J^HIP-GKFXHId M5HdrO UﬂP-GDHIP5P^H·U¡HCdXHA7Uﬂm5myW1AKGhM5HL_M5HIJV¦¢m5ADHISiFXIADHLcZ\ADQ]-J^HIP^CHL
M5H`ADQLDW1PfUﬂP^CH
 


HIPZ[W1P^CIGKFXW1PRMVJqA7Uﬂm5myW1AKG
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0.1 1 10
−60
−40
−20
0
20
40
60
Ta
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de
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ct
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%
)
K=Z2/Z1
r=10 ou 1/10
r=3 ou 1/3
r=2 ou ½
r=3/2 ou 2/3
r=1
K=0.1      1/3<r<3
K=0.5     1/3<r<3
nporq 
pV= p#} ·sBQMVJ^CIGKFXW1PŁM5HcG7UﬂF>d>dXH_M5H`drO UﬂP-GDHIP5P^HhHIP 3HIPnZ[W1P^CIGKFXW1PRM5H
 
0.1 1 10
1
2
3
4
5
6
7
f 2/
f 1
K=Z2/Z1
K=0.1      r=3
r=3 
r=2 
r=1
r=1/2 
r=1/3 
K=0.1      r=1/3
nporq 
pV= p#¡W1d>J5GKFXW1PŁMVJnA7Uﬂm5myW1AKG
 


M5HcdrO UﬂP-GDHIP5P^H­HIP 3HIPnZ[W1P^CIGKFXW1PRM5H
 
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BPRADHIS/UﬂAD]-J^Hh]-J^H`d3UiADQMVJ^CIGKFXW1PŁM5H_G7UﬂF>d>dXHhM5QImyHIP^MRMVJqA7Uﬂm5myW1AKG
 
S/UﬂFXLNHLKGzmyHIJqF>P^J^HIP^CQHhmfUﬂAzdXH
A7Uﬂm5myW1AKG_M5HL`dXW1P5#J^HIJ5ADLHIP°mfUﬂAKGKFXCIJ5d>FXHIA_myW1J5A       V=1ﬃ2W1J5A
 
 yd3U/G7UﬂF>d>dXHTM5H­drO UﬂP-GDHIP5P^H/HLKG
ADQMVJ5F>GDHimfUﬂA_A7Uﬂm5myW1AKG­¬·J5P^HTUﬂP-GDHIP5P^HTmfUﬂGDCDE ADHCIG7UﬂP5#J5d3UﬂF>ADH#=ﬃd>J^L
 
HLKGcZrUﬂF>5dXHym5d>J^L`d3UADQMVJ^CIGKFXW1PM5H
G7UﬂF>d>dXHcHLKG F>SimyW1AKG7UﬂP-GDH#=ﬃUﬂAeCW1P-GKADH5CW1SiSTHBdXHBSTW1P-GKADHIP-GzdXHLM5HIJV¦·H¦5HISim5dXHLeM5HBd3U`^#J5ADHcpV= p#} m5d>J^L
 
HLKG`myHIGKF>G`HIG`m5d>J^L`d3U·LDHCIGKFXW1PM5H­d3U·d>F>#P^HiCHIP-GKA7UﬂdXH/HLKGNZrUﬂF>5dXHCHi]-J5F+UﬂJ5#STHIP-GDHTdXHLcmyHIAKGDHLﬀ=?BF>P^LKF J5P
CW1Sim5ADW1SiFXLNHIP-GKADH`ADQMVJ^CIGKFXW1PŁM5HcG7UﬂF>d>dXHhHIGeADHIP^M5HISTHIP-GNM5H`drO UﬂP-GDHIP5P^HhHLKGeP^QCHLDL7UﬂF>ADH#=
ﬃ2W1J5A/dXHqCW1SimyW1AKGDHISTHIP-G/Z\ADQ]-J^HIP-GKFXHId +dXHnA7Uﬂm5myW1AKG·M5HLZ\ADQ]-J^HIP^CHL
 


M5QImyHIP^M ¬¢d3UŁZ[W1FXLTM5H
 
HIG
M5H 5="?BF>P^LKF "CW1SiSTH/dXH/STW1P-GKADHIP-GdXHLM5HIJV¦H¦5HISim5dXHLM5H/d3U^#J5ADHpV= p# "dXH/A7Uﬂm5myW1AKGqF>P^J^HIP^CH·M5H
ZrUKJW1P·F>SimyW1AKG7UﬂP-GDHNd3U`myW#LKF>GKFXW1P·M5HL Z\ADQ]-J^HIP^CHLM5HzADQLDW1PfUﬂP^CH#= ﬃ2W1J5A
 
 -d3U_M5HIJV¦VFXISTHBZ\ADQ]-J^HIP^CHBM5H
ADQLDW1PfUﬂP^CH_HLKGBLKJ5myQIAKFXHIJ5ADHh¬M5HIJV¦·Z[W1FXLed3Um5ADHISiFXIADH 	
  
 
 
=
?BF>P^LKF 5J5P^H`ADQMVJ^CIGKFXW1PŁM5H`G7UﬂF>d>dXHhM5HcdrO UﬂP-GDHIP5P^H­HIP 3F>SimyW#LDH_]-J^H
  
 
 
=³-F;drO W1PRLDW1J5EfUﬂF>GDHhU¡W1F>A
  
 
 
+F>dBHLKG/P^QCHLDL7UﬂF>ADHRMO UﬂJ5#STHIP-GDHIAd3U°G7UﬂF>d>dXHRM5HqdrO UﬂP-GDHIP5P^H#="U°myW#LKF>GKFXW1P ADHId3UﬂGKF>¡HŁM5HL/M5HIJV¦
m5ADHISiFXIADHL`Z\ADQ]-J^HIP^CHL`HLKGc5¦5QHmfUﬂA`dXHL`M5HIJV¦¢A7Uﬂm5myW1AKGDLHIG
 
UﬂdXW1ADL_]-J^Hd3U/ADQMVJ^CIGKFXW1P¸M5H­G7UﬂF>d>dXHTHLKG
m5AKF>P^CIF>mfUﬂdXHISTHIP-GcM5QIGDHIAKSiF>P^QH_mfUﬂA
 
=
  M  M 	 lmR`b a ;YVX6lmR
k`UﬂP^LcdXHCﬀU1L`LKF>Sim5d>F{fQiM5HdrO UﬂP-GDHIP5P^HTHIP 3 J5P^HQIGKJ^M5HfU1LDQHLKJ5Acd3ULKGKAKJ^CIGKJ5ADHiMO J5P¢ADQLDW1PfUﬂGDHIJ5Ah¬
L7UﬂJ5GNMO F>SimyQM^UﬂP^CH­LK STQIGKAKFX]-J^H_myHIAKSTHIGNM5HhM5QIGDHIAKSiF>P^HIAc]-J^HIdX]-J^HLzm5ADW1m5AKFXQIGDQLcM5HhCHIGKGDH­UﬂP-GDHIP5P^H#=yk`UﬂP^L
J5P CﬀU1LiQIP^QIA7Uﬂd U¡HCnJ5P^HqUﬂP-GDHIP5P^HqP^W1P LK STQIGKAKFX]-J^HnHIGTCW1P^LKGKF>GKJ^QHqM5H
 

nL7UﬂJ5GDLTMO F>SimyQM^UﬂP^CH
drO QIGKJ^M5HhUﬂPfUﬂd> GKFX]-J^H_HLKGeyHﬀUﬂJ^CW1J5mqm5d>J^LzCW1Sim5dXH¦5H#=^kcHcm5d>J^L5CHIGKGDH_QIGKJ^M5H`P^HcGKFXHIP-GBmfU1LzCW1Sim5GDH_M5HLzHZ&Y
Z[HIGDLM5HLMVFXLDCW1P-GKF>P-J5F>GDQL^HIP·mfUﬂAKGKFXCIJ5d>FXHIAdXHBA7U W1P5P^HISTHIP-G^]-J5FyCW1P^LKGKF>GKJ^HNJ5P^HNM5HL Z[W1P^CIGKFXW1P^Lm5AKF>P^CIF>mfUﬂdXHL
M5H`drO UﬂP-GDHIP5P^H#=
NW1J^Lhm5ADW1myW#LDW1P^LM5W1P^C/J5P^H/STQIGKE^WM5H·MO QIGKJ^M5H·CW1Sim5dXIGDHMO J5P^HUﬂP-GDHIP5P^HmfUﬂGDCDE ¬RL7UﬂJ5GDL­MO F>SimyQY
M^UﬂP^CH#= ﬃ2W1J5A+CHId3U ﬂGKADW1FXL2STWM5IdXHLW1P-GQIGDQM5QI¡HIdXW1m5myQL 	%J5P­STWM5IdXHM5HA7U W1P5P^HISTHIP-G#J5PSTWM5IdXHCIF>ADCIJ5F>G
HIGeJ5PnSTWM5IdXH_M5HcADHIP^M5HISTHIP-Gﬀ=yHcGKA7U¡#UﬂF>d"UhZrUﬂF>GedrO W1 KHIGzMO J5P^H`m5J55d>FXCﬀUﬂGKFXW1PŁUﬂJRCW1P5#ADL ++Y8?ﬃ³HIP
j#£#£ﬂwR¨ p»%ª8=
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kO J5PhmyW1F>P-GM5H¡J^H+A7U W1P5P^HISTHIP-G1J5P^HUﬂP-GDHIP5P^H¬zL7UﬂJ5GDL"MO F>SimyQM^UﬂP^CH myHIJ5G IGKADH CW1P^LKFXM5QIADQH CW1SiSTH
d3UBSiFXLDHHIPADQLDHﬀUﬂJiM5H Z[HIP-GDHLA7U W1P5PfUﬂP-GDHL-CW1SiSTHdXHSTW1P-GKADHedrO H¦5HISim5dXHM5Hd3Uz^#J5ADHzpV= p»=1;HLSTWM5IdXHL
M5HNA7U 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